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Appendix  IIIA.  Accuracy  Assessment  of  RAYMODE  X 
Compared  to  SUDS  Experimental  Data  (U) 


SUDS  I (U) 


Test  cases  (U) 


Environment  (U) 

(C)  All  environmental  measurements  come 
from  station  1 of  the  SUDS  1 measure- 
ments. Three  sound  speed  profiles,  given 
in  Figures  IIIA-1-3,  represent  average 
conditions  during  three  measurement 
periods.  These  sound  speed  profiles,  in 
accordance  with  Martin  (1982),  will  be 
referred  to  as  profiles  A,  E,  and  B. 
Profile  A has  a surface  duct  to  a depth 
of  68  meters  (m)  overlying  a sound  chan- 
nel with  axis  at  900  m.  Profile  E is  an 
average  profile  with  a 20  id  surface 
duct,  a subsurface  channel  with  an  axis 
at  200  m and  a deep  sound  channel  with 
axis  at  900  m.  Profile  B has  a surface 
duct  to  a depth  of  79  m and  a deep  sound 
channel  with  axis  at  900  m. 


(C)  The  12  test  cases  selected  from  SUDS 
I experimental  data  for  use  in  model 
evaluation  are  given  in  the  table  below. 
In  this  table,  is  the  minimum 

range  at  which  data  is  found, 
the  maximum  range  and  SSP  denotes  sound 
speed  profile. 

(C)  Both  source  and  receiver  are  in  the 
surface  duct  for  Cases  I,  III,  IX  and 
XI.  Source  and  receiver  are  in  a cross- 
duct geometry  in  Cases  II,  IV,  V,  VII,  X 
and  XII.  Both  source  and  receiver  are 
below  the  duct  for  Cases  VI  and  VIII. 
The  SUDS  experimental  data  for  the  12 
test  cases  are  plotted  in  Figures 
IIIA -4-15. 

Accuracy  Assessment  Results  (U) 


(C)  The  source  used  pulsed  energy,  and 
bottom  bounce  arrivals  were  temporally 
filtered  out.  The  effective  bottom  loss 
for  model  input  should  therefore  be  oo  dB 
(actually,  a bottom  loss  of  50  dB  was 
entered  for  all  grazing  angles). 


(U)  Accuracy  assessment  procedures  were 
followed  as  outlined  in  section  1.1  and 
described  in  detail  in  section  5 of 
Volume  I of  this  series..  The  following 
figures  are  given  for  each  case:  (1) 
RAYMODE  X results  obtained  using  the 


CASE 

SOURCE 

DEPTH 

(m) 

RECEIVER 

DEPTH 

(m) 

FRE- 
QUENCY 
(kHz ) 

^min 

(km) 

**max 

(km) 

NO.  OF 
POINTS 

SSP 

WIND 

SPEED 

(kn) 

I 

45 

17 

0.4 

2.0 

24.5 

925 

A 

11 

II 

45 

112 

0.4 

2.0 

17.4 

625 

A 

11 

III 

42 

43 

1.0 

2.0 

24.4 

959 

A 

11 

IV 

42. 

112 

2.0 

2.0 

24.8 

818 

A 

11 

V 

41 

6 

1.5 

0.4 

24.6 

796 

E 

4 

VI 

41 

59 

1.5 

0.4 

24.8 

811 

E 

4 

VII 

41 

6 

2.5 

0.4 

24.8 

868 

E 

4 

VIII 

41 

59 

2.5 

0.4 

24.8 

866 

E 

4 

IX 

45 

17 

3.5 

0.1 

35.3 

1311 

B 

6 

X 

45 

112 

3.5 

0.1 

35.8 

918 

B 

6 

XI 

42 

17 

5.0 

0.1 

35.5 

1421 

B 

6 

XII 

42 

112 

5.0 

0.  1 

33.8 

959 

B 

6 
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coherent  phase  addition  option,  (2) 
smoothed  RAYMODE  X coherent  results 
obtained  by  applying  a running  p.verage 
with  a 2 km  window,  (3)  the  smoothed 
RAYMODF  X coherent  result  subtracted 
from  the  SUDS  experimental  data,  (A) 
RAYMODE  X results  obtained  using  the 
Incoherent  (i.e.,  rms)  phase  addition 
option,  and  (5)  the  RAYMODE  X incoherent 
results  subtracted  from  the  SUDS  experi- 
mental data.  These  plots  for  the  12  test 
cases  are  given  In  Figure  IIIA-16 
through  ITIA-75. 

(C)  The  means  and  standard  deviations  of 
the  difference  between  the  SUDS  experi- 
mental data  and  the  RAYMODE  X smoothed 
coherent  and  incoherent  outputs  are 
given  in  Table  IIIA-1.  For  Case  I,  the 
RAYMODE  X coherent  and  incoherent  out- 
puts are  totally  different  than  the  SUDS 
data — the  RAYMODE  transmission  loss 
curve  is  concave  downward,  the  SUDS 
curve  concave  upward.  In  Case  II  the 
curves  are  qualitatively  and  quantitati- 
vely similar.  Case  I,  we  recall,  has  an 
In-layer  source/receiver  geometry  where- 
as Case  II  has  cross-layer  geometry.  One 
would  expect  greater  loss  for  the  cross- 
layer Case  II  than  for  the  in-layer  Case 
I.  For  the  SUDS  data  this  is  true;  the 
separation  between  the  in-layer  and 
cross-layer  curves  was  found  to  be  about 
15  dB.  By  contrast,  the  RAYMODE  curves 
differ  by  a few  dB  (the  cross-layer  case 
having  less  loss)  to  9 km.  From  9 to  15 
km,  the  cross-duct  case  shows  substan- 
tially less  los s (by  as  much  as  8 dB) . 
After  15  km,  the  models  are  in  basic 
agreement.  Case  III  is  another  in-layer 
source/receiver  geometry  and  the  differ- 
ence between  the  SUDS  curve  and  the  RAY- 
MODE curve  (unless  otherwise  stated, 
remarks  apply  to  coherent  and  incoherent 
results  alike)  simply  increases  with 
range.  Case  IV  is  a cross-layer  case  in 
which  agreement  between  SUDS  and  RAYMODE 
is  excellent  to  20  km.  From  20  to  24  km 
a 7 dB  bias  is  seen  in  the  difference 
curve  due  to  RAYMODE  continuing  a trend 
to  higher  loss  while  SUDS  assumes  a con- 
stant loss  in  this  range  interval.  Case 
V is  characterized  by  cross-layer 
source/receiver  geometry.  The  SUDS/ 


RAYMODE  agreement  is  poor,  the  discrep- 
ancy increasing  with  range.  Case  VI  is 
the  first  below-layer  source/receiver 
geometry  and  basic  agreement  is  achieved 
over  the  full  range  extent  of  24  km. 
This  agreement  extends  to  include  the 
degree  of  fine  scale  fluctuations  and 
the  presence  of  a 6 km  interference  pat- 
tern. Case  VII  is  a cross-layer  case  for 
which  SUDS  and  RAYMODE  results  are  com- 
pletely lacking  in  agreement.  Here  the 
SUDS  data  shows  increasing  propagation 
loss  to  about  10  km,  from  which  point 
the  loss  decreases.  RAYMODE,  on  the 
other  hand,  shows  increasing  loss  with 
•.ange  to  24  km.  Both  SUDS  and  RAYMODE 
show  strong  but  disagreeing  interference 
patterns.  For  the  below-layer  geometry 
of  Case  VIII,  the  curves  show  a constant 
18  dB  offset  to  6 km,  beyond  which  SUDS 
and  RAYMODE  have  stron:,  interference 
patterns  with  quite  similar  periods.  Be- 
yond 10  km,  differences  are  due  to  phas- 
ing of  the  interference  patterns:  they 

are  almost  out  of  phase  by  r radians. 
The  region  between  6 and  10  km  is  the 
transition  region — at  the  start  the 
curves  are  in  phase  but  are  of  very 
different  level  and  change  to  agreeing 
in  level  but  being  out  of  phase.  Case 
IX,  a case  of  in-layer  geometry  shows 
qualitative  difference  between  the  RAY- 
MODE model  and  SUDS  experiment  results. 
SUDS  shows  less  loss  and  an  interference 
pattern  with  a period  ranging  between  3 
and  4 km  compared  to  RAYMODE  coherent 
for  which  interference  nulls  (beyond 
initial  Lloyd  Mirror  effects)  are  seen 
at  6 and  26  km.  These  broad  nulls  are 
filied-in,  in  the  RAYMODE  incoherent 
output  leading  to  somewhat  better  (al- 
though still  seriously  differing  quali- 
tatively and  quantitatively)  agreement 
with  SUDS  data.  For  the  cross-duct  geom- 
etry of  Case  X substantial  agreement  is 
found  to  7 km,  from  which  point  dis- 
agreement grows:  beyond  16  km,  the 

disagreement  levels  off  at  a devastating 
20  dB.  Aside  from  the  portion  of  the 
data  where  clipping  is  obvious,  the 
upper  envelope  of  the  RAYMODE  curve  Is 
at  or  below  the  lower  envelope  of  the 
SUDS  data.  For  in-layer  Case  XI,  the 
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most  serious  discrepancy  is  with  regard 
to  interference  patterns.  For  RAYMODE  a 
weak  interference  pattern  (peak  to  null 
values  of  3 dB)  with  a period  of  about  7 
km  is  seen;  for  SUDS  strong  interference 
(peak  to  null  values  of  15-25  dB)  with 
periods  between  2 and  3 km  are  found. 
The  RAYMODE  curve  rides  at  or  above  the 
peaks  of  the  SUDS  curve.  Case  XII,  hav- 
ing cross-layer  geometry,  is  another 
example  of  qualitative  and  quantitative 
dissimilarity;  the  slopes  of  the  loss 
curves  are  in  utter  disagreement.  The 
relatively  low  mean  values  in  Table 
IIIA-1  for  this  case  are  due  to  cancel- 
ing negative  and  positive  effects — here, 
the  standard  deviation  is  the  important 
indicator. 

(C)  Let  us  now  turn  to  the  Figure  of 
Merit  (FOM)  analysis.  FOM  versus  detec- 
tion range  is  tabulated  for  SUDS  data 
and  both  RAYMODE  X coherent  and  incoher- 
ent results  at  5 dB  increments  for  the 
twelve  cases  in  Tables  IIIA-2-13.  For 
Case  I,  the  RAYMODE  results  are  grossly 
pessimistic  compared  to  SUDS  detection 
ranges.  SUDS  detection  ranges  are  four 
times  as  great  as  RAYMODE's  for  FOM  * 75 
dB.  This  factor  decreases  until  at  FOM  ■ 
95  dB,  SUDS  detection  range  results  are 
twice  those  of  RAYMODE.  For  Case  II, 
RAYMODE  predictions  are  pessimistic  com- 
pared to  SUDS  detection  ranges.  At  low 
figures  of  merit,  RAYMODE  detection 
ranges  are  65%  of  SUDS;  this  percentage 
is  80%  at  FOM  - 95  dB.  Case  III  is  a 
case  of  grossly  pessimistic  results  for 
RAYMODE  as  compared  to  SUDS.  SUDS  pre- 
dicts detection  coverage  over  the  full 
extent  of  the  data  (24.5  km)  for  FOM 
80  dB;  RAYMODE  predicts  coverage  to  6 km 
at  FOM  - 80  dB;  at  FOM  = 100  dB,  RAYMODE 
predicts  coverage  to  24  km,  but  with 
some  zonal  effects.  Case  IV  detection 
coverage  is  twice  as  great  for  SUDS  as 
is  predicted  by  RAYMODE.  For  Case  V, 
SUDS  detection  ranges  are  again  twice  as 
great  as  those  predicted  by  RAYMODE. 
Case  VI  is  the  first  case  for  which  RAY- 
MODE predictions  are  optimistic,  al- 
though only  slightly  so.  For  this  case, 
SUDS  and  RAYMODE  are  in  close  agreement, 
generally  differing  by  1 dB  or  less  for 


FOM  90  dB.  This  is  also  true  for  Case 
VII.  Here,  however,  RAYMODE  predictions 
are  pessimistic  by  a factor  of  two  for 
FOM  95  dB.  Case  VIII  is  the  only  case 
where  RAYMODE  is  optimistic  in  detection 
range  by  a factor  as  large  as  two.  It 
should  be  noted  that  the  SUDS  detection 
ranges  are  quite  small  through  FOM  » 100 
dB  (5.5  km).  In  Case  IX,  RAYMODE  gives 
much  less  detection  coverage  than  SUDS 
data  indicate  should  be  achieved.  Here, 
a great  difference  is  found  between  the 
RAYMODE  coherent  and  incoherent  results, 
particularly  for  FOM  « 85  dB.  Case  X is 
another  case  in  which  the  detection 
ranges  for  SUDS  data  are  usually  about 
twice  those  of  RAYMODE  X predictions.  In 
Case  XI,  good  agreement  in  detection 
range  is  generally  achieved  (within  2 
dB)  although  significant  differences  are 
found  between  RAYMODE  coherent  and  inco- 
herent results.  Finally,  in  Case  XII, 
RAYMODE  is  slightly  optimistic  for  FOM 
< 95  dB  with  both  SUDS  and  RAYMODE  pre- 
dicting fairly  short  detection  ranges. 
For  FOM  > 95  dB,  SUDS  results  show  some- 
what greater  detection  ranges  than  do 
RAYMODE  predictions  (i.e.,  RAYMODE  pes- 
simistic with  respect  to  SUDS). 

(C)  The  following  are  concluded  from  the 
above:  (1)  In  terms  of  decibel  differen- 
ces between  SUDS  and  RAYMODE  data,  only 
Cases  II,  IV,  and  VI  show  fair  agree- 
ment. Case  II  and  IV  are  cases  of  cross- 
layer source/receiver  geometry  at  400 
and  1000  Hz,  respectively.  Cases  of 
cross-layer  geometry  at  higher  frequen- 
cies showed  basic  qualitative  and  quan- 
titative disagreement  between  SUDS  data 
and  RAYMODE  X results.  All  cases  of  both 
source  and  receiver  in  the  layer  showed 
lack  of  agreement  between  SUDS  and  RAY- 
MODE. Of  the  two  below-layer  cases,  VI 
showed  good  agreement  between  SUDS  and 
RAYMODE,  but  VIII  did  not.  (2)  The  fig- 
ure of  merit  analysis  shows  RAYMODE 
predictions  of  detection  range  to  be 
strongly  pessimistic  compared  to  SUDS 
results  in  Cases  I,  II,  III,  IV,  V,  IX 
and  X (not  uncommonly  by  a factor  of  2). 
Only  in  Case  VIII  were  RAYMODE  detection 
ranges  much  longer  (by  a factor  of  2) 
than  those  of  SUDS.  No  clear  trend 
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emerges  with  regerd  to  source/receiver 
geometry.  (3)  It  would  appear  from  com- 
parison with  SUDS  data  that  the  surface 
duct  module  of  RAYMODE  X is  deficient. 
Thi ' is  further  borne  out  in  section  3, 
The  Physics  of  the  RAYMODE  X Model,  by 
R.  Deavenport. 
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(U)  Table  III  A - 1 . Means  (y)  and  Standard  Deviations  of  Differences 
Obtained  by  Subtracting  (1)  Smoothed*  EAYMODE  X Coherent  Output 
and  (2)  RAYMODE  X Incoherent  Output  from  SUDS  Experimental 

Data  (in  dB). 


RAYMODE  X 
Smoothed  Coherent 

RAYMODE  X 
Incoherent 

Case 

o 

a 

I 

-12.5 

12.9 

-10.7 

11.9 

II 

-2.2 

3.9 

-2.2 

3.7 

III 

-10.1 

9.3 

-10.4 

9.9 

IV 

-0.9 

3.3 

-1.3 

3.5 

V 

-10.3 

10.1 

-8.7 

9.4 

VI 

-0.4 

3.7 

0.6 

3.9 

VII 

-4.1 

10.4 

-3.6 

10.5 

VIII 

4.7 

7.5 

5.0 

8.5 

IX 

-11.7 

10.1 

-5.7 

6.0 

X 

-13.4 

8.8 

-10.2 

7.9 

XI 

-8.9 

6.9 

-6.6 

6.4 

XII 

-3.7 

10.1 

-1.6 

9.5 

1.  RAYMODE  X coherent  output  was  smoothed  by 
application  of  a running  average  with  a 2 kilo- 
meter window. 
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(C)  Table  IIIA-2.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  SUDS  I Data  and 
RAYMODE  X Model  Results. 

CASE  I: 

(Station  1,  Run  3,  Source  Depth  = 45  m.  Receiver  Depth  = 17  m, 

Frequency  = 400  Hz) 


DATA  SET 

FOM 

Rc1 

Range  > R 

c 

SUDS 

70 

12.0 

RAYMODE  X Coherent 

70 

3.0 

RAYMODE  X Incoherent 

70 

3.0 

SUDS 

75 

15.5 

RAYMODE  X Coherent 

75 

3.5 

RAYMODE  X Incoherent 

75 

4.0 

SUDS 

80 

17.0 

RAYMCDE  X Coherent 

80 

5.0 

RAYMODE  X Incoherent 

80 

5.5 

SUDS 

85 

18.5 

RAYMODE  X Coherent 

85 

7.0 

RAYMODE  X Incoherent 

85 

7.5 

SUDS 

90 

19.5 

RAYMODE  X Coherent 

90 

8.5 

RAYMODE  X Incoherent 

90 

9 

SUDS 

95 

20.5 

ZDC2  70%,  20.5-24  km 

RAYMODE  X Coherent 

95 

12 

RAYMODE  X Incoherent 

95 

12 

SUDS 

100 

>24 

RAYMODE  X Coherent 

100 

12.5 

100%  coverage  21-22  km 

RAYMODE  X Incoherent 

100 

12 

100%  coverage  20-24 

SUDS 

105 

>24 

RAYMODE  X Coherent 

105 

14 

100%  coverage  14.5-16.5  km, 
17.5-25  km 

RAYMODE  X Incoherent 

105 

13.5 

100%  coverage  14->24  km 

1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range 
interval  over  which  detection  is  possible. 
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(C)  Table  IUA-3.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  SUDS  I Data  and 
RAYMODE  X Model  Results. 

CASE  II: 

(Station  1,  Run  3,  Source  Depth  = 45  m,  Receiver  Depth  = 112  m, 

Frequency  = 400  Hz) 


DATA  SET 

— — — ■ 

FOM 

Rc1 

Range  > Re 

SUDS 

75 

ZDC2  90%,  1.5-6. 5 km 

RAYMODE  X Coherent 

75 

4.5 

RAYMODE  X Incoherent 

75 

4 

SUDS 

80 

7.0 

RAYMODE  X Coherent 

80 

5.5 

RAYMODE  X Incoherent 

80 

5 

SUDS 

85 

7.5 

ZDC  15%,  7.5-13  km 

RAYMODE  X Coherent 

85 

7 

RAYMODE  X Incoherent 

85 

7 

SUDS 

90 

10.5 

ZDC  70%,  10.5-14.5  km 

RAYMODE  X Coherent 

90 

8.5 

RAYMODE  X Incoherent 

90 

8 

SUDS 

95 

16.5 

RAYMODE  X Coherent 

95 

14 

RAYMODE  X Incoherent 

95 

14 

S 

SUDS 

100 

>16.5 

RAYMODE  X Coherent 

100 

14.5 

RAYMODE  X Incoherent 

100 

14.5 

SUDS 

105 

>16.5 

RAYMODE  X Coherent 

105 

15 

RAYMODE  X Incoherent 

105 

15.5 

ZDC  70%,  15.5-16.5  km 

SUDS 

110 

>16.5 

RAYMODE  X Coherent 

110 

15.5 

RAYMODE  X Incoherent 

110 

>16.5 

1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range 
interval  over  which  detection  is  possible. 
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(C)  Table  IIIA-4.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  SUDS  I Data  and 
RAYMODE  X Model  Results. 

CASE  III: 

(Station  1,  Run  4,  Source  Depth  = 42  m,  Receiver  Depth  = 43  m 

Frequency  = 1 Hz) 


DATA  SET 


Range  > R 


SUDS 


100%  coverage.  7.0*17.5  km  with 
one  dropout  at  15  km 


RAYMODE  X Coherent  75 

RAYMODE  X Incoherent  75 


SUDS 


ZDC4  60%.  21.5-24.5  km 


RAYMODE  X Coherent  80 

RAYMODE  X Incoherent  80 


SUDS 


>24.5 


I RAYMODE  X Coherent 


ZDC  60%.  10.5-11.5  km 


RAYMODE  X Incoherent  85 


100%  coverage  7.5-9  km 


SUDS 

RAYMODE  X Coherent 


RAYMODE  X Incoherent  90 


>24.5 


100%  coverage  10-12  km,  12.5- 

l(&f  coverage  10-12  km,  12.5 
13  km.  13-13.5  km 


SUDS 


RAYMODE  X Coherent 


>24.5 


100%  coverage  15.5*16.5  km, 
18-18.5 


RAYMODE  X Incoherent  95 


SUDS 


>24.5 


RAYMODE  X Coherent  100 


ZDC  75%,  15-24  km 


RAYMODE  X Incoherent  100 


ZDC  95%,  14.5-22  km 


SUDS 


>24.5 


RAYMODE  X Coherent  105 


RAYMODE  X Incoherent  105 


1.  Rq  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range 
interval  over  which  detection  is  possible. 
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(C)  Table  III  A- 5.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  SUDS  I Data  and 
RAYMODE  X Model  Results. 

CASE  IV: 

(Station  1,  Run  4,  Source  Depth  = 42  m,  Receiver  Depth  = 112  m, 

Frequency  = 1 kHz) 


DATA  SET 


SUDS 


| RAYMODE  X Coherent 


RAYMODE  X Incoherent 


SUDS 


RAYMODE  X Coherent 


RAYMODE  X Incoherent 


! SUDS 


RAYMODE  X Coherent 


RAYMODE  X Incoherent 


SUDS 


RAYMODE  X Coherent 


RAYMODE  X Incoherent 


Range  > R 


ZDC4  90%,  2.5-5  km 


ZDC  80%,  5. 5-6. 5 km 


100%  coverage  4-5  km 


ZDC  5%,  7-15  km 


SUDS 

95 

8.0 

ZDC  40%.  8 

-16.5  km 

RAYMODE  X Coherent 

95 

100%  coverage  B-ll  km 
ZDC ^ 30%,  12-15.5  km 

RAYMODE  X Incoherent 

95 

9.0 

100%  covera 

ge  9.5-11  km 

SUDS 

100 

8.5 

ZDC  66V,  1 

16.5-18.5  k 

.5-16.5  km,  ZDC  50%, 
m;  ZDC  20%,  18.5-24.5  km 

RAYMODE  X Coherent 

100 

16.0 

100%  coverage  17-18  km,  and  16.5  km 

RAYMODE  X Incoherent 

100 

13.5 

ZDC  45%,  14-17.5  km 

SUDS 

105 

17.0 

ZDC  95%,  17-24.5  km 

RAYMODE  X Coherent 

105 

18.0 

100%  coverage  19.5-20.5  km 

RAYMODE  X Incoherent 


SUDS 


RAYMODE  X Coherent 


RAYMODE  X Incoherent 


coverage  19-21  km, 
23  km 


ZDC  70%.  19.5-25.5  km 


1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  thi.  indicated  range 
interval  over  which  detection  is  possible. 


CONFIDENTIAL 


A‘9  CONFIDENTIAL  -s 


iTunTwrn  ruv  n n nt-r.'  wuirj  Vd»VPA"Tk.w  A"  V V VI  V.V\VV-r^e"VS  V*  1»”,f  '-~wV'V-^".v'".i  M.'^*.' 


CONFIDENTIAL 

(C)  Table  IIIA-6.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  SUDS  I Data  and 
RAYMODE  X Model  Results. 

CASE  V: 

(Station  1,  Run  1,  Source  Depth  = 41  m,  Receiver  Depth  = 6 m, 

Frequency  = 1.5  kHz) 


DATA  SET 

FOM 

“c* 

Range  > RQ 

SUDS 

70 

1001  ooverage,  0.5-4  km 

RAYMODB  X Coherent 

70 

2.0 

RAYMODE  X Incoherent 

70 

2.0 

a 

SUDS 

75 

1001  coverage,  0.5-5  km;  ZDC*  501, 
5-6  km 

RAYMODE  X Coherent 

78 

3.5 

RAYMODE  X Incoherent 

75 

4.0 

; SUDS 

SO 

1001  coverage,  6.5-8  km  and  19.5- 
22  km 

1 RAYMODE  X Coherent 

80 

4.0 

RAYMODE  X Incoherent 

80 

4.0 

t 

SUDS 

\-  - - - 

85 

9.0 

SEC  3SI.T-11.S  km;  ZDC  904,  11.5- 
18  km;  1001  coverage,  19-22.5  km 

RAYMODE  X Coherent 

85 

4.0 

100%  coverage  5-5.5  km 

RAYMODE  X Incoherent 

85 

5.0 

SUDS 

90 

9.0 

100%  ooverage.  9.5-11,  11.5-18,  18.5- 
23;  ZDC  50%.  23-24.5  km 

RAYMODE  X Coherent 

90 

*.0 

ZDC  60%,  5-9  km 

RAYMODE  X Incoherent 

90 

5.0 

100%  coverage  6-7  km,  7.5- 
8.5  km 

SUDS 

95 

9.0 

ZDC  98%,  9-24.5  km 

RAYMODE  X Coherent 

95 

4.0 

ZDC  70%.  5.5-11  km 

RAYMODE  X Incoherent 

95 

5.5 

100%  coverage  8. 5- 8. 3 km. 
9-10  km 

' SUDS 

100 

>24.5 

RAYMODE  X Coherent 

100 

4.0 

ZDC  70%,  5-17  km 

RAYMODE  X Incoherent 

100 

10.5 

ZDC  75%,  11-16.5  km 

SUDS 

105 

>24.5 

RAYMODE  X Coherent 

105 

7.0 

ZDC  65%  7-19  km 

RAYMODE  X Incoherent 

105 

W.O 

ZDC  70%  17-23  km 

SUDS 

no 

>24.5 

RAYMODE  X Coherent 

no 

10.5 

ZDC  80%  il->24  km 

RAYMODE  X Incoherent 

no 

19.5 

ZDC  75%,  19. 5- >24  km 

1.  Rc  = Range  to  which  detection  coverage  is  continuous. 


2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range 
interval  over  which  detection  is  possible. 
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(C)  Table  IIIA-7.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  SUDS  I Data  and 
RAYMODE  X Model  Results. 

CASE  VI: 

(Station  1,  Run  1,  Source  Depth  = 41  m,  Receiver  Depth  = 59  m, 

Frequency  = 1.5  kHz) 


Rang*  > R 


RAYMODE  X Coherent 


coverage  iz-16.5  km, 
22  km 


RAYMODE  X Incoherent 


RAYMODE  X Coherent 


100%  coverage  12-18  km;  18.5- 
24.5  km 


RAYMODE  X Incoherent 


1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range 
interval  over  which  detection  is  possible. 
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(C)  Table  IIIA-8.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  SUDS  I Data  and 
RAYMODE  X Model  Results. 

CASE  VII: 

(Station  1,  Run  2,  Source  Depth  = 41  m,  Receiver  Depth  = 6 m, 

Frequency  = 2.5  kHz) 


Range  > R 


ZDC  10%,  0-1  km 


ZDC  60%,  0-1  km 


DATA  SET 

FOM 

V 

SUDS 

65 

RAYMODE  X Coherent 

65 

2.5 

RAYMODE  X Incoherent 

65 

2.0 

SUDS 

70 

_ . 

RAYMODE  X Coherent 

70 

3.0 

RAYMODE  X Incoherent 

70 

3.0 

SUDS 

75 

RAYMODE  X Coherent 

75 

4.0 

RAYMODE  X Incoherent 

75 

4.0 

SUDS 

80 

RAYMODE  X Coherent 

80 

4.0 

RAYMODE  X Incoherent 

80 

4.0 

SUDS 

^_s= 

85 

— 

1.0 

RAYMODE  X Coherent 

85 

4.0 

RAYMODE  X Incoherent 

85 

5.5 

SUDS 

90 

4.0 

RAYMODE  X Coherent 

90 

5.0 

RAYMODE  X Incoheren: 

90 

7.5 

SUDS 

95 

6.0 

RAYMODE  X Coherent 

95 

8.0 

RAYMODE  X Incoherent 

95 

8.0 

SUDS 

100 

7.0 

RAYMODE  X Coherent 

100 

8.0 

RAYMODE  X Incoherent 

100 

11.5 

SUDS 

105 

>24.5 

RAYMODE  X Coherent 

105 

12.0 

RAYMODE  X Incoherent 

105 

16.0 

ZDC  50%,  0-2  km 


ZDC  70fc,  0-4  km;  160% 
coverage,  21-22  km 


ZDC  B5%,  1-4  km;  100%  coverage 
17.5-18.5  and  20-23  km 

ZDC  65%,  4.5-7  km 


15.5-23.5  km 

100%  coverage  5-7.5  km 


ZDC  80%,  6-17  km;  ZDC  90%, 
17-24  km 

ZDC  70%,  8-10.5  km 

100%  coverage  9-11  km 

ZDC  95%,  7-24.5  km 

100%  coverage  9-11.5  km;  zD 

13-15.5  km 

100%  coverage  13-14.5  km 


ZDC  65%  12-23  km 
100%  coverage  17-19  km 


1.  Rc  = Range  tr  which  detection  coverage  ia  continuous. 

2.  ZDC  = Zona'  detection  Coverage  in  percentage  of  the  indicated  range 
interval  over  which  detection  is  possible. 
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(C)  Table  IIIA-9.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  SUDS  I Data  and 
RAYMODE  X Model  Results. 

CASE  VIII: 

(Station  1,  Run  2,  Source  Depth  = 41  m,  Receiver  Depth  ==  59  m, 

Frequency  = 2.5  kHz) 


DATA  SET 

FOM 

"c1 

Range  > llc 

SUDS 

70 

ZDC2  15%,  0-1  km 

FAYMODE  X Coherent 

70 

2.5 

RAYMODE  X Incoherent 

70 

3.0 

SUDS 

75 

ZDC  20%,  0-1  km 

RAYMODE  X Coherent 

75 

3.5 

100%  coverage  4. 5- 5. 5 km 

RAYMODE  X Incoherent 

75 

5.0 

SUDS 

80 

ZDC  50%,  0-2  km 

RAYMODE  X Coherent 

80 

5.5 

RAYMODE  X Incoherent 

80 

5.5 

SUDS 

85 

ZDC  60%,  0-3  km 

RAYMODE  X Coherent 

85 

6.0 

j 

RAYMODE  X Incoherent 

85 

7.0 

SUDS 

90 

ZDC  80%,  0-4  km 

RAYMODE  X Coherent 

90 

6.0 

I 

100%  coverage  7-8  km,  10-11  km 

RAYMODE  X Incoherent 

90 

10.0 

ZDC  50%,  4-5  km;  1/2  km  coverage 

SUDS 

95 

4.0 

at  8 and  22  km 

RAYMODE  X Coherent 

95 

6.0 

ZDC  60%  6.5-14.5  km 

RAYMODE  X Incoherent 

95 

11.0 

ZDC  60%,  5-8.5  km;  ZDC  50%, 

SUDS 

100 

5.0 

11-18  km;  ZDC  30%,  20.5-23  km  1 

RAYMODE  X Coherent 

100 

9.0 

ZDC  70%  9.5-19  km 

RAYMODE  X Incoherent 

100 

15.0 

ZTJCU^,  6-8.5  km;  ZDC  20%,  8.5- lTW;  ~ 

SUDS 

105 

6.0 

ZDC  90%,  11-18. 5km;  ZDC  75%,  20-23. 5 km 

RAYMODE  X Coherent 

105 

12.5 

ZDC  75%  13-30  km 

RAYMODE  X Incoherent 

105 

19.5 

ZDC  95 tT,  6-18.5  km;  ZDC  50¥i  18.5- 

SUDS 

110 

6.0 

20  km;  ZDC  95%,  20-24  km 

RAYMODE  X Coherent 

110 

>24.0 

RAYMODE  X Incoherent 

110 

>24.0 

1,  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range 
interval  over  which  detection  is  possible. 
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(C)  Table  IIIA-10.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  SUDS  I Data  and 
RAYMODE  X Model  Results. 

CASE  IX: 

(Station  1,  Run  5,  Source  Depth  = 45  m,  Receiver  Depth  = 17  m, 

Frequency  = 3.5  kHz) 


Range  > Rc 

ZDC2  90%.  0-8.5  km;  ZDC  50%, 
11-12.5  km 

coverage  at  2 and  3 km 


14-17  km 


ZDC  50%,  9-10  km; 
ZDC  80%,  13-20  km 


100%  coverage  23.5-27.5  km 
100%  coverage  14.5-20.5  km 

ZDC  90%,  9-32  km 


DATA  SET 

FOM 

“c* 

SUDS 

S5 

RAYMODE  X Coherent 

65 

2.0 

RAYMODE  X Incoherent 

l_  65 

LI 

SUDS 

7° 

9.0 

RAYMODE  X Coherent 

70 

3.5 

RAYMODE  X Incoherent 

u™ 

3.5 

SUDS 

75 

9.0 

RAYMODE  X Coherent 

r 75 

4.0 

RAYMODE  X Incoherent 

75 

6.0 

SUDS 

80 

9.0 

RAYMODE  X Coherent 

80 

5.0 

RAYMODE  X Incoherent 

80 

8.5 

SUDS 

85 

9.0 

RAYMODE  X Coherent 

85 

I 

5.5 

RAYMODE  X Incoherent 

85 

22.5 

SUDS 

90 

23.0 

RAYMODE  X Coherent 

90 

6.5 

RAYMODE  X Incoherent 

90 

30.0 

SUDS 

95 

23.0 

RAYMODE  X Coherent 

95 

24.0 

RAYMQDE  X Incoherent 

95 

>36 

SUDS 

100 

36.0 

RAYMODE  X Coherent 

100 

25.0 

RAYMODE  X Incoherent 

100 

>36 

ZDC  90%,  23-32  km;  ZDC  10%, 
32-36  km 

100%  coverage  10-23  km 


ZDC  95%,  23-32.5  km;  ZDC  50%, 
32.5-36  km 

100%  coverage  30. 5- >36  km 


100%  coverage,  29- >36  km 


1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range 
interval  over  which  detection  is  possible. 
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(C)  Table  IIIA-11.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  SUDS  I Data  and 
RAYMODE  X Model  Results. 

CASE  X: 

(Station  1,  Run  5,  Source  Depth  = 45  m,  Receiver  Depth  = 112  m 

Frequency  = 3.5  kHz) 


DATA  SET 

FOM 

R 1 
c 

Range  > RQ 

SUDS 

~ 

70 

ZDC2  98%.  0-2.5  km;  ZDC  15%, 
2.5-4  km 

RAYMODE  X Coherent 

70 

3.0 

RAYMODE  X Incoherent 

70 

3.0 

SUDS 

75 

2.5 

ZDC  30%,  2.5-6  km 

RAYMODE  X Coherent 

75 

3.0 

RAYMODE  X Incoherent 

75 

3.5 

SUDS 

80 

2.5 

ZDC  60%,  4-6.5  km;  ZDC  15%, 
6.5-9  km 

RAYMODE  X Coherent 

80 

4.0 

RAYMODE  X Incoherent 

80 

4.0 

100%  coverage  5-5.5  km 

SUDS 

- 

85 

4.0 

ZDC  85%,  4-6.5;  ZDC  30%, 
6.5-10.5  km 

RAYMODE  X Coherent 

85 

6.5 

RAYMODE  X Incoherent 

35 

6.5 

1 

SUDS 

90 

7.0 

ZDC  60%,  7-12.5  km;  ZDC  ?%,  12.5-17  km 
(data  between  12  and  23  km  is  clipped) 

RAYMODE  X Coherent 

90 

8.0 

RAYMODE  X Incoherent 

90 

8.5 

SUDS 

95 

10.5 

ZDC  90%,  10. 5-12. 5 km;  ZDC  ?%,  12.5-21  km  ! 
(data  between  12  a 23  km  is  clipped);  ZDC  ! 

10%,  23- 25  km 

RAYMODE  X Coherent 

95 

9.5 

RAYMODE  X Incoherent 

95 

10.0 

SUDS 

100 

O 

Data  between  12  t 23  km  is  clipped;  100%  1 

coverage  to  >12  km;  ZDC  30%,  23-32.5  km 

RAYMODE  X Coherent 

100 

100 

10.0 

i 

RAYMODE  X Incoherent 

10.5 

. 1 

SUDS 

100 

— 

9 

. ’ 

Data  between  12  t 23  km  is  clipped;  100% 
coverage  to  >12  km;  ZDC  50%,  23-32.5  km  i 

RAYMODE  X Coherent 

r 

105 

10.0 

ZDC  45%,  11-13  km 

RAYMODE  X Incoherent  j 105 

14.0 

1 

SUDS  110 

9 

Data  between  12  k 23  km  is  clipped;  100% 
coverage  to  >12  km;  ZDC  70%,  23-33.5  km 

. RAYMODE  X Coherent  J 110 

11.0 

ZDC  65%  11.5-16  km 

\ RAYMODE  X Incoherent 

110 

13.5 

ZDC  90%  14-10  km 

1 SUDS 

115 

9 

13.5 

Data  between  12  k 23  km  is  clipped;  100% 
coverage  to  >12  km;  ZDC  90%,  23-34.5  km 

RAYMODE  X Coherent 

115 

ZDC  90%,  14-22  km 

RAYMODE  X Incoherent 

115 

17.0 

ZDC  80%  17.5-25.5  km 

1.  Ro  = Range  to  which  detection  coverage  la  continuoua. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range 
interval  over  which  detection  is  possible. 
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(C)  Table  IIIA-12.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  SUDS  I Data  and 
RAYMODE  X Model  Results. 

CASE  XI: 

(Station  1,  Run  6,  Source  Depth  = 42  m,  Receiver  Depth  = 17  m. 

Frequency  = 5 kHz) 


DATA  SET 

FOM 

Rc1 

SUDS 

70 

RAYMODE  X Coherent 

70 

2.5 

RAYMODE  X Incoherent 

70 

3.5 

SUDS 

75 

RAYMODE  X Coherent 

75 

2.5 

RAYMODE  X Incoherent 

75 

5.0 

SUDS 

80 

1.5 

RAYMODE  X Coherent 

90 

13.0 

RAYMODE  X Incoherent 

80 

7.5 

SUDS 

85 

1.5 

RAYMODE  X Coherent 

85 

14.5 

RAYMODE  X Incoherent 

85 

14.0 

SUDS 

90 

4.5 

RAYMODE  X Coherent 

90 

22.0 

RAYMODE  X Incoherent 

90 

21.0 

SUDS 

95 

5.0 

RAYMODE  X Coherent 

95 

>36 

RAYMODE  X Incoherent 

95 

>36 

5-4  km; 


Range  > Rq 

ZDC2  50%,  0-2  km 

100%  coverage  3-5  km 

100%  coverage  3. 5-4. 5 km 
ZDC  66%,  0-2  km ; ZDC  15! 
ZDC  60%,  5. 5-6. 5 km 

100%  coverage  3-6  km 


ZDC  80%,  1.5-5  km;  ZDC  60%7 
5-8.5  km 


ZDC  90%,  1.5-7  km;  ZDC  70%, 
7-13.5  km;  ZDC  15%,  13.5-19  km 

100%  coverage  21-20.5  km 

ZDC  85%,  4.5-13  km;  ZDC  50%, 
13-19  km 

100%  coverage  23.5-28  km 


ZDC  90%,  5-19  km;  ZDC  60%,  19.5- 
27.5  km;  ZDC  15%,  27.5-32  km 


1.  R = Range  to  which  detection  coverage  is  continuous. 

v* 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range 
interval  over  which  detection  is  possible. 
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(C)  Table  IIIA-13.  Detection  Range  in  km  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  SUDS  I Data  and 
RAYMODE  X Model  Results. 

CASE  XII: 

(Station  1,  Run  6,  Source  Depth  = 42  m,  Receiver  Depth  = 11  in, 

Frequency  = 5 kHz) 


DATA  SET 

FOM 

"c1 

Rung*  > RQ 

SUDS 

70 

0.5 

ZDC2.  50t,  0.5-1. 5 Rat 

RAYMODE  X Coherent 

70 

2.5 

RAYMODE  X Incoherent 

70 

2.5 

SUDS 

75 

2.5 

ZDC  50t,  0.5-2  km 

RAYMODE  X Coherent 

75 

3.0 

RAYMODE  X Incoherent 

75 

3.5 

SUDS 

80 

1.0 

ZDC  50t,  1-2  km;  ZDC  15V 
2-3.5  km 

RAYMODE  X Coherent 

80 

4.0 

RAYMODE  X Incoherent 

80 

4.0 

SUDS 

85 

1.0 

ZDC  90t,  1-3  km:  ZDC  30%.  ” 

3-4  km 

RAYMODE  X Coherent 

85 

6.5 

RAYMODE  X Incoherent 

85 

6.0 

SUDS 

90 

2.5 

ZDC  30t,  2. 5-5. 5 km 

RAYMODE  X Coherent 

90 

7.5 

RAYMODE  X Incoherent 

90 

7.5 

SUDS 

95 

3.5 

ZDC  30t,  3.5-7  km 

RAYMODE  X Coherent 

95 

9.0 

RAYMODE  X Incoherent 

95 

9.5 

SUDS 

too 

4.0 

&DC  ?t,  4-14  km  (data  Is  clipped 
at  high  loss  end) 

RAYMODE  X Coherent 

100 

9.5 

RAYMODE  X Incoherent 

100 

9.5 

SUDS 

105 

5.0 

ZDC  ?7,  5-16.5  km  (data  is  clipped 
at  high  loss  end) 

RAYMODE  X Coherent 

105 

11.5 

RAYMODE  X Incoherent 

105 

11.5 

SUDS 

110 

7.0 

ZDC  ?%,  7-25  km  (data  is  clipped 
at  hiph  loss  end) 

RAYMODE  X Coherent 

110 

11.5 

ZDC  407,  12-15  km 

RAYMODE  X incoherent 

110 

11.5 

ZDC  457,  12.5-15  km 

SUDS 

115 

0 

ZDC  ?1 , to  23  un;  (data  is  clipped  at  high 
loss  end) ; ZE  C 357,23-25  km:  ZDC  107, 
25-29  km 

RAYMODE  X Coherent 

115 

12 

ZDC  357.  12.5-17.5  km 

RAYMODE  X Incoherent 

115 

14 

ZDC  401.  14.5-19.5  km 

suns 

120 

0 

ZDC  ?7  to  23  Km  (data  Is  clipped  at  high 
loss  end);  ZDC  407,  23  29  km 

RAYMODE  X Coherent 

120 

13.5 

ZDC  707,  14  21  km 

RAYMODE  X Incoherent 

120 

16 

ZDC  707,  16.5  23.5  km 

1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  Indicated  range 
interval  over  which  detection  is  possible. 
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(C)  Figure  IIIA-14.  SUDS  Data,  Frequency  = 5.0  Kilohertz,  Source  Depth 

42  Meters,  Receiver  Depth  = 17  Meters 
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Averages  of  21  Points  (1.99  Kilometer) 
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(C)  Figure  IIIA-46.  CASE  VII.  RAYfaODE  Coherent,  Frequency  = 2.5  Kilohertz,  Source 

Depth  = 41  Meters , Receiver  Depth  = 6 Meters 
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(C)  Figure  IIIA-52.  CASE  VIII.  RAYMODE  Coherent,  Frequency  = 2.5  Kilohertz,  Source 

Depth  = 41  Meters,  Receiver  Depth  = 59  Meters,  Sliding 
Averages  of  21  Points  (1.99  Kilometer) 
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(C)  Figure  IIIA-73.  CASE  XII.  Smoothed  RAYMODE  Coherent,  Frequency  = 5.0  Kilohertz 

Source  Depth  = 42  Meters,  Receiver  Depth  = 112  Meters, 

Subtracted  from  SUDS  Data,  Frequency  = 5.0  Kilohertz, 

Source  Depth  = 42  Meters,  Receiver  Depth  =112  Meters 
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Appendix  IIIB.  Accuracy  Assessment  of  RAYMODE  X Compared 
to  HAYS-MURPHV  Mediterranean  Ewwrimantal  Date  (U) 


HAYS-MURPHY  (U) 

Environment  (U) 

(C)  The  Hays-Murphy  data  used  here  were 
collected  in  the  Algiers-Provencal  Basin 
of  the  Mediterranean  Sea  over  a distance 
of  200  kilometers  (km)  of  what  is  termed 
the  St.  Margarets  run  (Martin ,1982) . The 
St.  Margarets  run  was  much  longer,  but 
the  flat  bottom  assumption  of  range 
independent  propagation  loss  models  was 
violated  past  200  km.  The  sound  speed 
profile  is  plotted  and  tabulated  in  Fig- 
ure IIIB-1.  The  profile  is  essentially 
bilinear  with  a minimum  at  61  meters 
(m)  . The  critical  depth  is  1894  m,  indi- 
cating a depth  excess  of  approximately 
850  m. 

(C)  Two  sets  of  bottom  loss  tables  were 
used  as  input  to  the  RAYMODE  X model. 
The  first  are  the  MGS  bottom  loss  versus 
grazing  angle  curves  found  in  subroutine 
MGSBL  in  the  RAYMODE  X model,  and  in  the 
six  cases  examined  below,  an  MGS  Type  2 
bottom  was  found  to  pertain  at  the  site 
of  the  receiver.  Also  used  as  input  to 
RAYMODE  X were  the  FACT  PL9D  model's 
internal  FN0C/N00  bottom  loss  tables  for 
an  FNOC  Type  3 bottom.  These  latter 
tables  were  inputted  to  RAYMODE  X from 
an  external  table  of  91  values  (corres- 
ponding to  0-90°  grazing  angle).  The  six 
cases  of  Hays-Murphy  acoustic  data  cover 
four  frequencies:  35.0,  67.5,  100.0  and 
200.0  Hz.  For  the  lowest  three  frequen- 
cies, a single  bottom  loss  curve  is 
found  from  each  of  the  MGS  and  FNOC  sets 
of  curves.  The  MGS  Type  2 curve  for  100 
Hz  and  less  is  given  in  Table  IIIB-3. 
The  MGS  Type  2 curve  has  a critical 
angle  of  9°,  1.6  dB  bottom  loss  at  15°, 
and  8 dB  loss  at  normal  incidence.  The 
FNOC  Type  3 curve  has  a critical  angle 
of  12°,  1 dB  bottom  loss  at  15°,  and  10 
dB  loss  at  normal  incidence.  The  bottom 
loss  curves  for  200  Hz  are  given  in 


Tables  IIIB-2  and  1 1 IB-4  for  MGS  Mad 
FNOC  bottoa  types,  respectively.  TW  **CS 
Type  2 curve  has  l.l  dB  hot toe  loss  at 
0°,  2.7  dB  at  15*.  end  8.3  dB  at  eoraal 
Incidence.  The  FNOC  type  curve  has  s 
constant  bottoa  loss  of  3 dB  to  14*.  3.3 
dB  at  15°,  and  11  dB  at  normal  inci- 
dence . 

Tail  Comb  (U) 


(C)  Six  test  cases  were  chosen  for  ex- 
perimental data/model  comparfaon. 


Case 

Source 

Depth 

Receiver 

Depth 

Frequency 

(H*) 

I 

24.4  m 
(80  ft) 

137.2  a 
(450  ft) 

35.0 

II 

24.4  m 
(80  ft) 

137.2  m 
(450  ft) 

67.5 

III 

24.4  m 
(80  ft) 

137.2  m 
(450  ft) 

100.0 

IV 

24.4  m 
(80  ft) 

137.2  m 
(450  ft) 

200.0 

V 

24.4  m 
(80  ft) 

106.7  m 
(350  ft) 

35.5 

VI 

24.4  m 
(80  ft) 

106.7  m 
(350  ft) 

100.0 
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(C)  Experimental  data  for  the  six  cases 
is  given  in  Figures  IIIB-2  to  IIIB-7. 
The  experimental  data  for  these  cases 
show  a frequency  dependence  whereby  in 
going  from  67.5  to  100.0  to  200.0  Hz  the 
propagation  loss  increases  by  about  6 
dB.  There  does  not  seem  to  be  a signifi- 
cant frequency  dependence  in  going  from 
35.0  to  67.5  Hz.  When  Case  V is  compared 
with  Case  I and  Case  VI  is  compared  with 
Case  III,  no  significant  receiver  depth 
dependence  is  found  over  the  100  ft 
(30.5  m)  separation.  In  all  cases,  the 
data  is  free  of  convergence  zone  struc- 
ture. Fluctuations  of  4-5  dB  in  the 
first  100  km  of  data  modulate  an  overall 
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decrease  of  approximately  10  dB  and  in 
the  second  100  km,  an  overall  decrease 
of  2-5  dB  is  modulated  by  2-5  dB  fluctu- 
ations* The  Hays-Murphy  data  results 
from  one-third  octave  analysis  of  under- 
water explosive  detonations.  The  fre- 
quencies given  are  the  geometric  mean 
frequencies  of  the  one-third  octave 
bands . 

Accuracy  AsMum«nt  Rosu Its  (U) 

(C)  Use  of  MGS  (i*e.,  RAYMODE  X)  bottom 
loss  or  FNOC  (i.e.,  FACT  PL9D)  bottom 
loss  In  the  RAYMODE  X model  runs  usually 
resulted  In  differences  of  0.5  dB  or 
less  between  mean  ( ) differences  be- 
tween RAYMODE  X output  and  Hays-Murphy 
data  (as  can  be  seen  by  comparing  Table 
1 1 la- 5a  with  1 1 IB-6a,  and  IlIB-5b  with 
!IIB-6b),  with  one  notable  exception:  In 
Case  IV,  the  only  case  at  200  Hz,  a dif- 
t-reoce  of  1.5  dB  in  means  Is  found  in 
the  0 to  25  km  range  Interval,  the  only 
Interval  strongly  affected  by  choice  of 
oottom  loss.  Me  shall  return  to  this 
point  in  greater  detail  below.  Aside 
from  Case  IV,  only  the  RAYMODE  X results 
using  the  MGS  (l.e.,  RAYMODE 's  own)  bot- 
tom loss  are  discussed  due  to  the  slight 
effect  of  bottom  loss. 

(U)  Accuracy  as  ,»ssraent  proced’:i,.s  ap- 
plied to  the  RAYMODE  X outputs  and  the 
experimental  data  are  described  In  Sec- 
tion 1.1  of  this  volume  and  in  greater 
detail  in  Section  5 of  Volume  I of  this 
series  (N0RDA  Report  33).  For  the  six 
Hays-Murphy  cases,  no  significant  propa- 
gation loss  features  are  evident  in  the 
experimental  data  and  for  calculation  of 
statistics  of  differences  from  model 
results,  arbitrary  intervals  of  0-25  km, 
25-50  kra,  and  50-200  km  were  selected. 
The  means  and  standard  deviations  of 
differences  between  Hays-Murphy  experi- 
mental data  and  the  RAYMODE  X model  out- 
puts are  found  in  Tables  IIIB-5a  and 
III-5b  for  the  coherent  and  incoherent 
model  results,  respectively,  where  the 
MGS  bottom  loss  was  used.  Similar  re- 
sults in  which  RAYMODE  X used  the  FNOC 
bottom  loss  (found  in  FACT  PL9D  model) 
are  given  in  Tables  IIIB-6a  and  IIIB-6b. 


The  following  figures  were  produced  for 
each  case:  (1)  RAYMODE  X using  the  co- 

herent phases  addition  option;  (2)  this 
coherent  result  smoothed  by  a running 
average  of  five  points  (i.e.,  a 2 km 
window);  (3)  the  smoothed  coherent  re- 
sult subtracted  from  the  Hays-Murphy 
experimental  data;  (4)  RAYMODE  X output 
using  the  incoherent  phase  addition 
option;  and  (5)  the  incoherent  result 
subtracted  from  the  Hays-Murphy  experi- 
mental data.  These  five  curves  are  given 
first  for  all  cases  where  RAYMODE  X was 
run  with  its  own  MGS  bottom  loss  and 
then  for  RAYMODE  X run  using  the  FNOC 
bottom  loss  for  FACT  PL9D.  The  plots  are 
given  as  follows: 


Case 

RAYMODE  (i.e., 
MGS)  Bottom 

FACT  (i.e.,  FNOC) 
Bottom 

I 

Fig.  IIIB-8  to 
Fig.  IIIB-12 

Fig.  IIIB-38  to 
Fig.  II ID-42 

II 

Fig.  IIIB-13  to 
Fig.  IIIB-17 

Fig.  IIIB-43  to 
Fig.  IIIB-47 

III 

Fig.  IIIB-18  to 
Fig.  II  IB-22 

Fig.  IIIB-48  to 
Fig.  IIIB-52 

IV 

Fig.  II IB-23  to 
Fig.  IIIB-27 

Fig.  IIIB-53  to 
Fig.  IIIB-57 

V 

Fig.  IIIB-28  to 
Fig.  II IB-32 

Fig.  IIIB-58  to 
Fig.  IIIB-62 

VI 

Fig.  II IB-33  to 
Fig.  IIIB-37 

Fig.  IIIB-63  to 
Fig.  IIIB-67 

UNCLASSIFIED 


(C)  In  examining  the  means  and  standard 
deviations  of  the  differences  between 
Hays-Murphy  data  and  RAYMODE  X outputs, 
the  following  conclusions  may  be  drawn: 
(1)  In  all  cases  the  model  exhibits 
greater  loss  than  does  the  experimental 
data  (indicating  that  the  model  predic- 
tion is  overly  pessimistic).  The  mean 
differences  vary  from  3 to  11  dB.  Bottom 
parameter  measurements  near  the  site 
(DiNapoli,  1972),  when  converted  to 
bottom  loss  via  a Rayleigh  model  that 
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includes  attenuation  in  the  bottom, 
result  in  a bottom  loss  versus  grazing 
angle  curve  with  a critical  angle  of  20° 
and  a normal  incidence  loss  of  5.9  dB. 
This  is  lower  than  either  the  MGS  or 
FNOC  bottom  loss  results  given  in  Tables 
IIIB-1  through  IIIB-4,  and  its  use  would 
likely  eliminate  the  mean  differences 
within  the  first  region  (i.e.,  to  25 
km).  (2)  The  standard  deviations  of  dif- 
ferences between  Hays-Murphy  data  and 
RAYMODE  results  are  generally  smaller 
for  the  incoherent  predictions  than  for 
the  coherent  predictions  generally  by 
about  2 dB.  This  is  not  surprising, 
since  the  model’s  incoherent  addition 
has  a smoothing  effect  as  does  averaging 
over  a one-third  octave  frequency  band 
for  the  experimental  data.  (3)  For  the 
incoherent  RAYMODE  results,  standard 
deviation  of  differences  between  Hays- 
Murphy  data  and  RAYMODE  outputs  are 
between  2.5  and  5.5  dB.  (4)  There  is  no 
significant  difference  between  use  of 
the  MGS  bottom  loss  (found  in  RAYMODE) 
and  the  FNOC  bottom  loss  (found  in  the 
FACT  PL9D  model).  (5)  Particularly  for 
the  incoherent  results,  the  agreement 
between  model  results  and  Hays-Murphy 
data  is  best  at  200  Hz  and  significantly 
better  than  results  for  the  other  three 
frequencies.  We  recall  that  the  lower 
three  frequencies  all  used  the  same  bot- 
tom loss  table  and  therefore  conclude 
that  the  difference  in  bottom  loss  prob- 
ably accounted  for  the  improved  loss  at 
200  Hz  (Note:  This  applies  to  only  the 
first  bottom  bounce  region  (i.e.,  to  25 
km)  beyond  which  bottom  bounce  paths  are 
not  significant  contributors.) 

(C)  The  figure  of  merit  (F0M)  versus  de- 
tection range  analysis  for  the  six  Hays- 
Murphy  cases  are  given  in  Tables  IIIB-7 
when  RAYMODE  X uses  its  own  (i.e.,  MGS) 
bottom  loss  and  in  Tables  IIIB-8  when 
RAYMODE  X uses  the  bottom  loss  of  the 
FACT  PL9D  model  (i.e.,  FNOC).  For  an  F0M 
of  75  dB,  RAYMODE  incoherent  results 
show  detection  coverage  from  0 to  2.0- 
4.5  km  for  the  six  cases.  The  RAYMODE 
coherent  results  show  coverage  from  0 to 
1. 5-3.5  km  and  zonal  detection  coverage 
(ZDC,  Zonal  Detection  Coverage,  is  given 


in  percentage  of  the  indicated  range  in- 
terval for  which  detection  is  possible) 
of  30%  extending  to  ranges  as  great  as 
14  kra.  In  contrast,  the  Hays-Murphy  ex- 
perimental data  generally  shows  continu- 
ous coverage  to  about  20  km  and  ZDC  of 
generally  60%  to  range  of  about  40  km. 
At  F0M“8G  dB,  RAYMODE  incoherent  cover- 
age is  continuous  to  about  12  km;  for 
RAYMODE  coherent  results,  continuous 
coverage  extends  to  about  4 km  and  ZDC 
of  variable  percentages  extend  coverage 
to  ranges  as  great  as  45  km  (often  with 
large  gaps).  The  Hays-Murphy  data  has 
continuous  detection  coverage  to  42-55 
km  over  the  six  cases.  ZDC  of  generally 
50%  extends  to  ranges  from  84  to  113  km. 
At  FOM=85  dB,  RAYMODE  incoherent  detec- 
tion coverage  is  continuous  to  47  km. 
For  RAYMODE  coherent,  continuous  cover- 
age is  generally  to  6 km  followed  by 
ZDCs  of  about  50%  to  about  50  km  and 
ZDCs  of  5-15%  to  ranges  of  about  100  km. 
The  Hays-Murphy  data  shows  continuous 
coverage  for  most  cases  to  130  km  and 
ZDC  at  percentages  above  50%  to  ranges 
of  170  km  or  more.  Finally,  at  FOM=90 
dB,  the  RAYMODE  incoherent  predictions 
show  continuous  coverage  to  95  km  and, 
typically,  spotty  coverage  to  about  140 
km.  RAYMODE  coherent  gives  continuous 
coverage  to  6 km  and  ZDCs  of  varying 
percentages  to  ranges  from  120  to  over 
195  km  over  the  six  cases.  For  all 
cases,  Hays-Murphy  experimental  data 
shows  continuous  coverage  tc  greater 
than  200  km. 

(C)  General  conclusions  based  on  compar- 
ison of  RAYMODE  X outputs  with  Hays- 
Murphy  experimental  data  follow:  (1) 

Significant  differences  in  mean  levels 
were  primarily  responsible  for  pessimis- 
tic detection  range  predictions  by  the 
model.  These  differences  appear  to  be 
attributable  to  the  bottom  loss  inputs 
for  the  first  bottom  bounce  region 
(i.e.,  to  25  km).  Beyond  this  range, 
differences  are  as  great  and  unex- 
plained, but  bottom  loss  is  not  a fac- 
tor. It  is  to  be  noted  that  for  this 
scenario,  RAYMODE  and  FACT  bottom  loss 
Inputs  led  to  essentially  the  same  re- 
sults. (2)  Mean  differences  between  the 
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Hays-Murphy  data  and  the  RAYMODE  model 
were  smaller  by  about  2 dB  for  incoher- 
ent results  as  compared  to  coherent 
results . This  is  reversed  for  standard 
deviations  of  differences  between  the 
model  and  Hays-Murphy  data  for  which 
RAYMODE  coherent  generally  showed  about 
2 dB  greater  standard  deviation  than  did 
RAYMODE  incoherent.  The  net  effect  is 
that  the  RAYMODE  incoherent  curve  is  in 
better  agreement  with  the  experimental 
data  than  is  the  RAYMODE  coherent  curve 
with  regard  to  general  characteristics 
(i.e.,  shape)  but  the  RAYMODE  coherent 
results  are  more  in  agreement  with  the 
experimental  data  with  regard  to  detec- 
tion range  coverage  (although  the 
agreement  is  far  from  satisfactory). 
This  is  understandable  since  detections, 
particularly  of  a zonal  nature,  are 
determined  more  by  fluctuations  than  by 
mean  levels  (particularly  for  average 
signal-to-noise  ratios  that  are  negative 
or  near  zero. 
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(U)  Table  IIIB-1.  Bottom  Loss  in  dB  Versus  Grazing  Angle  in  Degrees. 
MGS  Bottom  Tvpe  2.  Frequency  < 100  Hertz. 


e 

BL 

e 

BL 

0 

BL 

0 

BL 

0 

BL 

0 

BL 

D 

0.00 

D 

1.92 

30 

5.23 

45 

7.25 

60 

8.28 

75 

8.54 

■ ■ 

0.00 

m 

2.19 

31 

5.40 

46 

7.34 

61 

8.32 

76 

8.54 

0.00 

17 

2.45 

32 

5.57 

47 

7.44 

62 

8.36 

77 

8.52 

0.00 

18 

2.70 

33 

5.73 

48 

7.53 

63 

8.39 

78 

8.51 

0.00 

19 

2.95 

34 

5.88 

49 

7.61 

64 

8.42 

79 

8.49 

5 

0.00 

20 

3.19 

35 

6.03 

50 

7.69 

65 

8.45 

80 

8.48 

6 

0.00 

21 

3.42 

36. 

6.17 

51 

7.77 

66 

8.47 

81 

8.45 

7 

0.00 

22 

3.65 

37 

6.31 

52 

7.84 

67 

8.49 

82 

8.43 

8 

0.00 

23 

3.87 

38 

6.45 

53 

7.91 

68 

8.51 

83 

8.40 

9 

0.14 

24 

4.08 

39 

6.57 

54 

7.97 

69 

8.52 

84 

8.37 

10 

0.46 

25 

4.29 

40 

6.70 

55 

8.03 

70 

8.53 

85 

8.33 

11 

26 

4.49 

41 

6.82 

56 

8.09 

71 

8.54 

86 

8.30 

12 

27 

4.68 

42 

6.93 

57 

8.14 

72 

8.55 

87 

8.26 

13 

28 

4.87 

43 

7.04 

58 

8.19 

73 

8.55 

88 

8.21 

14 

kp 

29 

5.05 

44 

7.15 

59 

8.24 

74 

8.55 

89 

8.17 

UNCLASSIFIED 
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(U)  Table  IIIB-2.  Bottom  Loss  in  dB  Versus  Grazing  Angle  in  Degrees. 
MGS  Bottom  Type  2.  Frequency  = 200  Hertz. 
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(U)  Table  IIIB-3.  Bottom  Loss  in  dB  Versus  Grazing  Angle  in  Degrees. 
FNOC  Bottom  Type  3.  Frequency  <150  Hertz. 


e 

BL 

0 

0.0 

n 

0.0 

20 

3.0 

25 

4.4 

35 

6.7 

45 

8.5 

56 

10.0 

90 

10.0 

UNCLASSIFIED 


(U)  Table  IIIB-4.  Bottom  Loss  in  dB  Versus  Grazing  Angle  in  Degrees. 
FNOC  Bottom  Type  3.  Frequency  = 200  Hertz. 


0 

BL 

0 

3.0 

13 

3.0 

20 

5.3 

35 

8.7 

45 

10.3 

53 

11.0 

90 

11.0 

UNCLASSIFIED 
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(U)  Table  IIIB-5a.  Means  (y)  and  Standard  Deviations  (a)  in  dB  of 
Differences  Between  Hays-Murphy  Experimental  Data  and 
RAYMODE  X Coherent  Model  Output.1 
Bottom  Loss  = MGS  Type  2. 


V* 


Case 

Frequency 

(Hz) 

Source 
Depth  (ft) 

Receiver 
Depth  (ft) 

0-25  km 

25-50  km 

50-200  km 

U 

0 

V* 

0 

y 

a 

I 

35.0 

80 

-9.3 

3.8 

-9.2 

3.1 

-9.3 

3.3 

II 

67.5 

80 

■9 

-10.3 

-10.9 

4.0 

-10.9 

2.7 

III 

100.0 

80 

450 

-9.6 

-7.8 

5.3 

1 

00 

CO 

3.6 

IV 

200.0 

80 

450 

-6.0 

-6.1 

5.5 

-8.4 

4.2 

V 

35.0 

80 

350 

-7.6 

4.7 

-10.9 

2.5 

-10.5 

3.1 

VI 

100.0 

80 

350 

-9.1 

5.3 

-6.7 

6.2 

-7.4 

4.1 

1.  Smoothed  by  application  of  a 2 kilometer  window  moving  average. 
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(U)  Table  IIIB-5b.  Means  (y)  and  Standard  Deviations  (a)  in  dB  of  Differences 
Between  Hays-Murphy  Experimental  Data  and  RAYMODE  X Incoherent 
Model  Output.  Bottom  Loss  = MGS  Type  2. 


Case 

Frequency 

(Hz) 

Source 
Depth  (ft) 

Receiver 
Depth  (ft) 

0-25 

km 

25-50 

km 

50-200  km 

y 

0 

y 

a 

y 

a 

I 

35.0 

80 

450 

-8.6 

3.6 

-8.1 

2.9 

-7.8 

2.2 

II 

67.5 

80 

450 

-8.6 

2.2 

-8.4 

2.3 

-8.6 

1.5 

III 

100.0 

80 

450 

-6.7 

2.2 

-6.0 

3.0 

-6.4 

2.0 

IV 

200.0 

80 

450 

-3.2 

2.1 

-2.5 

3.6 

-3.9 

1.8 

V 

35.0 

80 

350 

-7.3 

3.2 

-7.5 

2.1 

-7.4 

1.9 

VI 

100.0 

80 

350 

-5.6 

2.1 

-4.7 

2.9 

-5.1 

1.6 
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(U)  Table  IIIB-6a.  Means  (y)  and  Standard  Deviations  (a)  in  dB  of  Differences 
Between  Hays-Murphy  Experimental  Data  and  RAYMODE  X Coherent 
Model  Output. 1 Bottom  Loss  = FNOC  Type  3. 


Frequency 

Source 

Receiver 

0-25 

(Hz) 

Depth  (ft) 

Depth  (ft) 

y 

35.0 

80 

450 

-9.2 

67.5 

80 

450 

-10.8 

80 

450 

-10.2 

200.0 

80 

450 

-7.5 

35.0 

80 

350 

-7.6 

100.0 

80 

350 

-9.7 

3.8 

5.9 
5.3 


25-50  km 


y 


-8.7 
10.5  I 4.1 


50-200  km 


Smoothed  by  application  of  a 2 kilometer  window  moving  average. 
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(U)  Table  IIIB-6b.  Means  (y  ) and  Standard  Deviations  (a)  in  dB  of  Differences 
Between  Hays-Murphy  Experimental  Data  and  RAYMODE  X Incoherent 
Model  Output.  Bottom  Loss  = FNOC  Type  3. 


Case  Frequency  Source  Receiver  0-25  km  25-50  km 

(Hz)  Depth  (ft)  Depth  (ft)  y I a y “T  a" 


50-200  km 
“y  I o- 


35.0 

80 

450 

-8.6 

3.4 

-7.8 

2.9 

67.5 

80 

450 

-8.7 

2.1 

-8.1 

2.3 

100.0 

80 

450 

-6.8 

2.2 

-5.7 

3.1 

200.0 

80 

450 

-4.9 

1.9 

-3.3 

3.9 

35.0 

80 

350 

-7.3 

2.9 

-7.2 

2.0 

100.0 

80 

350 

-5.7 

2.1 

-4.4 

2.9 

CONFIDENTIAL 


CONFIDENTIAL 


nr\r *v  irii jr*TT.; w-wra  tji  ** rvwv* TOVA"  '*n  v'.^\^»VT.v^%^iTV^WT*rw.1 


CONFIDENTIAL 


(C)  Table  IIIB-7a.  Detection  Range  in  Kilometer  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Hays-Murphy 
Mediterranean  Experimental  Data  and 
RAYMODE  X Model  Predictions 
Case  I: 

(Source  Depth  = 80  ft.,  Receiver  Depth  = 450  ft.,  Frequency  = 35  Hz) 

Bottom  Loss:  MGS  Type  2 


V 


$ 

© 


*'■  *1 


Data  Set 


Hays-Murphy 


RAYMODE  X 
Coherent 


RAYMODE  X 
Incoherent 


FOM  R 


Range  > R 


75  25.5  ZDC2  60%,  25.5-44  km 


RAYMODE  X 
Coherent 


RAYMODE  X 
Incoherent 


54.5  ZDC  50%,  54.5-93  km 


ZDC  50%.  5-16  km:  ZDC  20 


130.5  I ZDC  50%,  130.5-172.5  km 


ZDC  70 


RAYMODE  X 
Incoherent 


RAYMODE  X 
Coherent 
RAYMODE  X 
Incoherent 


100%  coverage  7.5-16.5  km,  17-41  km;  ZDC  70%, 
41-155  km  


100%  coverage  103-112.5  km,  123.5-125.5  km, 
93.5  141-142  km 


1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval 
for  which  detection  is  possible. 
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(C)  Table  IIIB-7b.  Detection  Range  in  Kilometer  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Hays-Murphy 
Mediterranean  Experimental  Data  and 
RAYMODE  X Model  Predictions 
Case  II: 

(Source  Depth  = 80  ft.,  Receiver  Depth  = 450  ft.,  Frequency  = 67.5  IIz) 

Bottom  Loss:  MGS  Type  2 


Data  Set 

FOM 

“o* 

Range  > Rq 

75 

42.5 

RAYMODE  X 
Coherent 

75 

1.5 

ZDC2  50%.  1.5-7  km 

RAYMODE  X 
Incoherent 

75 

3.0 

80 

54.0 

ZDC  50%,  54-113  km 

80 

— 

ZDC  60%,  4-7.5  km,  100%  coverage  13.5-15.5  km, 
and  19-22.5  km:  ZDC  20%.  30-45  km 

RAYMODE  X 
Incoherent 

80 

11.0 

100%  coverage  136-137  km 

85 

>200 

Except  for  a few  dropouts  of  < km 

rAymode  X 
Coherent 

85 

6.5 

ZDC  45%,  7.5-47.5;  ZDC  20%,  59-79.5  km, 
ZDC  <5%.  91.5-115;  peak  at  143.5  km 

RAYMODE  X 
Incoherent 

85 

47 

90 

>200 

RAYMODE  X 
Coherent 

Ifll 

■Rl 

ZDC  :■>%,  8-50.5  km;  ZDC  55%,  55-124  km; 
ZDC  20%  134.5-159  km:  ZDC  15%.  186-194  km 

RAYMODE  X 
Incoherent 

90 

95 

100%  coverage  101.5-107  km,  113.5-116  km  and 
136.5-140  km 

1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval 
for  which  detection  is  possible. 
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(C)  Table  IIIB-7c.  Detection  Range  in  Kilometer  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Hays-Murphy 
Mediterranean  Experimental  Data  and 
RAYMODE  X Model  Predictions 
Case  III: 

(Source  Depth  = 80  ft.,  Receiver  Depth  = 450  ft.,  Frequency  = 100  Hz) 

Bottom  Loss:  MGS  Type  2 


Data  Set 


L*V4J[«TO*4 


Incoherent 


HfAWOO:*: 


Coherent 


RAYMODE  X 
Incoherent 


RAYMODE  X 
Incoherent 


RAYMODE  X 
Incoherent 


FOM 

Rcl 

75 

17.5 

75 

2.5 

75 

2.5 

80 

43.5 

80 

M 

80 

12.0 

85 

127.5 

85 

6.0 

85 

47.0 

90 

>200 

90 

6.0 

90 

96 



Range  > R 

V 


17.5  ZDC2  60%,  17.5-42  km 


2.5  Peaks  at  4,  5,  9,  and  10.5  km 


. 3-13  km;  Peak  at  39  km 
100%  coverage  23-27.5  km  and  45-46  km 


12.0  100%  coverage  34.5-36  km 


ZDC  70%,  127.5-190  km 


96  100%  coverage  99-106  km,  108-112  km 


i. 

2. 

wm 

m 

m 

1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  i 
detection  is  possible. 
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(C)  Table  IIIB-7d.  Detection  Range  in  Kilometer  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Hays-Murphy 
Mediterranean  Experimental  Data  and 
RAYMODE  X Model  Predictions 
Case  IV: 

(Source  Depth  = 80  ft. , Receiver  Depth  = 450  ft. , Frequency  = 200  Hz) 

Bottom  Loss:  MGS  T>pe  2 


Data  Set 

FOM 

Rc1 

Range  > Rq 

Hays-Murphy 

75 

21.5 

ZDC2  90%,  21.5-37.5  km 

RAYMotiEX 

Coherent 

75 

2.0 

Peaks  at  3.5  and  12  km 

RAYMODE  X 
Incoherent 

75 

2.0 

Hays-Murphy 

80 

42.5 

ZDC  50%,  42.5-95  km 

RAYMODE  X 
Coherent 

80 

2.0 

ZDC  20%,  2.5-24  km;  peak  at  44  km 

RAYMODE  X 
Incoherent 

80 

3.0 

100%  coverage  3-9  km 

Hays-Murphy 

85 

194 

RAYMODE  X 
Coherent 

85 

2.0 

ZDC  35%,  2.5-48  km;  peaks  at  66  and  133  km 

RAYMODE  X 
Incoherent 

85 

47.5 

Hays-Murphy 

90 

>200 

RAYMODE  X 
Coherent 

90 

2.0 

ZDC  45$,  2.6-49  km;  ZDC  20%,  54.5-101.$  km 
ZDC  20%.  125-137  km;  ZDC  35%.  163-167.5  km 

RAYMODE  X 
Incoherent 

90 

49.5 

100%  coverage  63.5-81  km,  84-87.5  km,  99-103.5  km 
and  132-134  km 

1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval  for 
which  detection  is  possible. 


CONFIDENTIAL 


b-13  CONFIDENTIAL 


rwm’Hf^rfTrip  'v  v "V  v '•ji  v»  .^p  . » k>  P "*  ,\  ^ ;•*  > \v.\;>  ^ 


CONFIDENTIAL 


M 


5>i;j 

fNa 


(C)  Table  IIIB-7e.  Detection  Range  in  Kilometer  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Hays-Murphy 
Mediterranean  Experimental  Data  and 
RAYMODE  X Model  Predictions 
Case  V : 

(Source  Depth  = 80  ft.,  Receiver  Depth  = 350  ft.,  Frequency  = 35  Hz) 

Bottom  Loss:  MGS  Type  2 


Data  Set 

FOM 

V 

Range  > Rq 

75 

25.5 

ZDC1 2  50%,  25.5-47  km 

RAYMODE  X 
Coherent 

75 

3.5 

100%  coverage  8.5-10  km;  peak  at  17.5  km 

RAYMODE  X 
Incoherent 

75 

4.0 

80 

55.0 

ZDC  40%  55-93  km 

RAYMODE  X 
Coherent 

80 

5.5 

ZDC  45%,  5.5-23  km;  ZDC  20%,  33.5-38  km 

RaYMODE  k 

Incoherent 

80 

12.0 

85 

118.0 

ZDC  50%,  118-188  km 

RAYMODE  X 
Coherent 

85 

100%  coverage  8-12.5  km,  14-23.5  km; 
ZDC  50%  24-47  km;  ZDC  5%.  50-81.5  km 

RAYMODE  X 
Incoherent 

85 

47.0 

90 

>200 

RAYMODE  X 
Coherent 

90 

7.0 

100%  coverage  7.5-12.5  km,  13-25  km 
ZDC  65%.  25.5-88  km;  ZDC  20%,  96-119  km 

RAYMODE  X 
Incoherent 

90 

93.0 

ZDC  40%,  103-143  km 

1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval  for 
which  detection  is  possible. 
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(C)  Table  IIIB-7f.  Detection  Range  in  Kilometer  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Hays -Murphy 
Mediterranean  Experimental  Data  and 
RAYMODE  X Model  Predictions 
Case  VI : 

(Source  Depth  = 80  ft. , Receiver  Depth  = 350  ft. , Frequency  = 100  Hz) 

Bottom  Loss:  MGS  Type  2 


Range  > R 


Data  Set 

FOM 

Rc1 

Hays-Murphy 

75 

17.0 

raYMo&e  X 
Coherent 

75 

2.5 

RAYMODE  X 
Incoherent 

75 

2.5 

Hays-Murphy 

80 

42.0 

RAYMODE  X 
Coherent 

80 

4.5 

RAYMODE  X 
Incoherent 

80 

3.0 

Hays-Murphy 

85 

54.0 

ITAYMOTE  X ” 

Coherent 

85 

5.0 

RAYMODE  X 
Incoherent 

85 

47.0 

Hays-Murphy 

90 

>200 

RAYMODE  X 
Coherent 

90 

5.0 

RAYMODE  X 
Incoherent 

90 

94.0 

ZDC2  10%,  17-41  km 

Peaks  at  4 km.  9 km.  11  km 


ZDC  10%,  42-52  km 

ZDC  35%,  4.5-13.5  km;  ZDC  20%,  23-28  km 
100%  coverage  44-46  km  and  46.5-47  km 

100%  coverage  3.5-12  km,  35-36.5  km 

ZDC  90%,  52-127  km 

ZDC  50%,  6-55  km;  ZDC  25%,  68.5-95  km 


ZDC  70%,  5-59.5  km;  ZDC  55%,  65-116  km; 

ZDC  45%,  124-147.5  km;  ZDC  30%.  171-191.5  km 

ZDC  60%,  99-138.5  km 


1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval  for 
which  detection  is  possible. 
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(C)  Figure  IIIB-8a.  Detection  Range  in  Kilometer  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Hays -Murphy 
Mediterranean  Experimental  Data  and 
RAYMODE  X Model  Predictions 
Case  I: 

(Source  Depth  = 8P  ft. , Receiver  Depth  = 450  ft. , Frequency  = 35  Hz) 

Bottom  Loss:  FNOC  Type  3 


Data  Set 


RAYMODE  X 
Coherent 


RAYMODE  X 
Incoherent 


RAYMODE  X 
Coherent 


RAYMODE  X 
Incoherent 


RAYMODE  X 
Coherent 


RAYMODE  X 
Incoherent 


ZDC2  60%.  25.5-44  km 


100%  coverage  7. 5- 8. 5 km  and  12-14  km  and  peak 
at  5 km 


ZDC  50%,  54.5-93  km 


ZDC  S0%,  5-16  km;  ZDC  15%,  22-40  km 


ZDC  50%,  130.5-172.5  km 


ZDC  65%,  7.5-51.5  km;  ZDC  15%,  57.5-76  km 


ZDC  65%,  43.0-155  km 

100%  coverage  7.0-16  km,  16.5-42.5  km 


100%  coverage  101.5-120  km,  133-135.5  km;  140-142  km 


m 


1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval  for 
which  detection  is  possible. 
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(C)  Table  IIIB-8b.  Detection  Range  in  Kilometer  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Hays  Murphy 
Mediterranean  Experimental  Data  and 
RAYMODE  X Model  Predictions 
Case  II: 

(Source  Depth  = 80  ft. , Receiver  Depth  = 450  ft. , Frequency  = 67.5  Hz) 

Bottom  Loss:  FNOC  Type  3 


Data  Set 

FOM 

Rc* 

Range  > Rq 

Hays -Murphy 

75 

42.5 

RaYMoM  X 
Coherent 

75 

1.5 

100%  coverage  2-3.5  km,  5-6  km  and  a peak  at 
4.5  km 

RAYMODE  X 
Incoherent 

75 

3.0 

Hays -Murphy 

80 

54.0 

ZDC2  50%,  54-113  km 

RAYMOD2 X 
Coherent 

80 

3.5 

ZDC  60%,  4-7.5  km;  ZDC  20%,  19-45  km 
100%  coverage  13.5-15.5  km  and  18,  5-23  km 

RAYMODE  X 
Incoherent 

80 

12.0 

100%  coverage  56-57  km 

Hays -Murphy 

85 

>200 

Except  for  a few  dropouts  of  < 1 km 

RAYMODE  X 
Coherent 

85 

6.0 

ZDC  60%,  6.5-50  km;  ZDC  25%,  58T-79.5  km;  ! 
ZDC  10%,  104.5-115  km 

RAYMODE  X 
Incoherent 

85 

48 

100%  coverage  69-51.5  km 

Hays-Murphy 

90 

>200 

RAYMODE  X 
Coherent 

90 

8.0 

ZDC  65%,  8-51  km;  ZDC  55%,  55-124.5  km; 

ZDC  30%.  134.5-  159km;  ZDC  25%.  184-194.5  km 

RAYMODE  X 
Incoherent 

90 

118.5 

100%  coverage  136.5-140.5  km 

1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval  for 
which  detection  is  possible. 
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(C)  Table  IIIB-8c.  Detection  Range  in  Kilometer  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Hays-Murphy 
Mediterranean  Experimental  Data  and 
RAYMODE  X Model  Predictions 
Case  III: 

(Source  Depth  = 80  ft. , Receiver  Depth  = 450  ft. , Frequency  = 100  Hz) 

Bottom  Loss:  FNOC  Type  3 


Data  Set 

FOM 

Rcl 

Hays-Murphy 

75 

17.5 

RAYMODE  X 
Coherent 

75 

2.5 

RAYMODE  X 
Incoherent 

75 

2.5 

Hays-Murphy 

80 

43.5 

RAYMODE  X 
Coherent 

80 

3.0 

RAYMODE  X 
Incoherent 

80 

12.0 

Hays-Murphy 

85 

127.5 

EaYMODE  X 
Coherent 

85 

5.0 

RAYMODE  X 
Incoherent 

85 

48 

Havs-Murphv 

90 

15.0 

RAYMODE  X 
Coherent 

90 

6.0 

RAYMODE  X 
Incoherent 

90 

119 

Range  > R£ 

ZDC2  60%,  17.5-42  km 
Peaks  at  5 and  10.5  km 


ZDC  20%,  43.5-84  km  

ZDC  30%,  3.5-13  km;  100%  coverage  23-27.5  km, 
39-39.5  km,  45-46.5  km 

100%  coverage  25-26  km 

ZDC  70%,  127.5-190  km 

TTOITW, 5.5-54  km;  ZDC  '10%,  75-lWlcm 

Peak  at  133  km 

100%  coverage  69.5-71  km 

100%  coverage  except  15-18,  48-49,  161.5-180  and 

190-199  km 

ZDC  70%  7-62  km;  ZDC  50%,  65-145  km; 

ZDC  30%,  182-192.5  km;  Peak  at  150  km 

100%  coverage  128-138  km 


1.  R = Range  to  which  detection  coverage  is  continuous. 

V 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval  for 
which  detection  is  possible. 
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(C)  Table  IIIB-8d.  Detection  Range  in  Kilometer  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Hays -Murphy 
Mediterranean  Experimental  Data  and 
RAYMODE  X Model  Predictions 
Case  IV: 

(Source  Depth  = 80  ft. , Receiver  Depth  = 450  ft. , Frequency  = 200  Hz) 

Bottom  Loss:  FNOC  Type  3 


Data  Set 

FOM 

H=‘ 

Range  > R 

75 

21.5 

ZDC2  90%,  21.5-37.5  km 

RAYMODE  X 
Coherent 

75 

2.0 

“RXYMODETI 

Incoherent 

75 

m 

Hays-Murphy 

80 

42.5 

ZDC  50%,  42.5-95  km 

RAYMODE  X 
Coherent 

80 

2.0 

ZDC  5%,  3-44  km 

RAYMODE  X 
Incoherent 

80 

3.0 

100%  coverage  3-4  km 

Hays-Murphy 

85 

194 

RAYMoDE  x 
Coherent 

85 

2.0 

ZDC  35%,  2.5-48  km;  peak  at  66  km 

RAYMODE  X 
Incoherent 

85 

23.0 

100%  coverage  131- 147  km 

90 

>200 

RAYMODE  X 
Coherent 

90 

2.0 

ZDC  60%,  2.5-48.5  km;  ZDC  3ti%,  55-101.5  km;  ~ 
ZDC  25%,  125-135.5  km;  ZDC  30%,  163-167.5  km 

RAYMODE  X 
Incoherent 

90 

Bl 

100%  coverage  64-81  km,  84-87.5  km,  99.5-101.5  km 

1.  Rq  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval  for 
which  detection  is  possible. 
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(C)  Table  IIIB-8e.  Detection  Range  in  Kilometer  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Hays-Murphy 
Mediterranean  Experimental  Data  and 
RAYMODE  X Model  Predictions 
Case  V: 

(Source  Depth  = 80  ft.,  Receiver  Depth  = 350  ft.,  Frequency  = 35  Hz) 

Bottom  Loss:  FNOC  Type  3 


Data  Set 

FOM 

Bcl 

Range  > R 

Hays-Murphy 

75 

25.5 

ZDC2  50%,  25.5-47  km 

rAYmode  X 

Coherent 

75 

4.0 

100%  coverage  9-10  km,  7.5-8  km 

raYMODe  X ' ' 

Incoherent 

75 

4.0 

Hays-Murphy 

80 

55 

ZDC  40%,  55-93  km 

RAYMOt)S  X 
Coherent 

80 

5.0 

ZDC  35%.  6-23  km.  ZDC  20%.  34-40.5  km 

RAYMODE  X 
Incoherent 

80 

BO 

85 

118 

ZDC  50%,  118-188  km 

85 

mm 

RAYMODE  X 
Incoherent 

85 

48.0 

WKfMfiB&M 

90 

RAYMODE  X 
Coherent 

90 

6.5 

ZDC  70%,  7.5-120  km;  Peak  at  136  km 

raYm6de  X 
Incoherent 

90 

99 

100%  coverage  102-121  km,  127.5-128.5  km,  133-136 
km,  140-143  km 

1.  Rc  = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval  for 
which  detection  is  possible. 
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(C)  Table  IIIB-8f.  Detection  Range  in  Kilometer  as  a Function  of 
Figure  of  Merit  (FOM)  in  dB  for  Hays-Murphy 
Mediterranean  Experimental  Data  and 
RAYMODE  X Model  Predictions 
Case  VI: 

(Source  Depth  = 80  ft.,  Receiver  Depth  = 350  ft.,  Frequency  = 100  Hz) 

Bottom  Loss:  FNOC  Type  3 


Data  Set 

FOM 

Range  > R 

o 

Hays-Murphy 

75 

17.0 

ZDC2  10%,  17-41  km 

ftAVMODfe  x 
Coherent 

75 

2.5 

Peaks  at  4.0  and  11  km 

RAyMode  X 
Incoherent 

75 

2.5 

Hays-Murphy 

80 

42.0 

ZDC  10%,  42-52  km 

RaYMoOR  X 
Coherent 

80 

3.0 

ZDC  15%,  3.5-46  km 

RAYMOdF  k 
Incoherent 

80 

2.5 

100%  coverage  3-8  km,  35-36  km 

Hays-Murphv 

85 

54.0 

ZDC  90%,  52-127  km 

RAYMODE  X 
Coherent 

85 

5.0 

ZDC  30%,  6-55  km;  ZDC  20%,  68-104  km 
Peaks  at  137,  138,  and  144  km 

RAYMODE  X 
Incoherent 

85 

47.5 

100%  coverage  68-70  km 

Hays-Murphy 

90 

>200 

RAYMODE  X 
Coherent 

90 

5.0 

ZDC  60%,  5.5-60  km;  ZDC  55%,  65-145  km 
ZDC  20%,  171-191.5  km 

RAYMODE  X 
Incoherent 

90 

119 

100%  coverage  128-139  km 

1.  R = Range  to  which  detection  coverage  is  continuous. 

2.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  the  indicated  range  interval  for 
which  detection  is  possible. 
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(C)  Figure  IIIB-8.  RAYMODE  X (Coherent)  Case  I,  Bottom  Loss  = MGS  Type  2, 

Frequency  = 35  Hertz 
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(C)  Figure  IIIB-14.  RAYMODE  X (Coherent)  Case  II,  Bottom  Loss  = MGS  Type  2 

Frequency  = 67.5  Hertz,  Sliding  Averages  of  5 Points 
(2.00  Kilometers) 
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(C)  Figure  IIIB-18.  RAYMODE  X (Coherent)  Case  III,  Bottom  Loss  = MGS  Type  2, 

Frequency  = 100  Hertz 


(C)  Figure  IIIB-21.  RAYMODE  X (Incoherent)  Case  III,  Bottom  Loss  = MGS  Type  2 

Frequency  = 100  Hertz 
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(C)  Figure  IIIB-32.  RAYMODE  X (Incoherent)  Case  V,  Bottom  Loss  = MGS  Type  2 

Frequency  = 35  Hertz,  Subtracted  from  Hays-Murphy  Experi- 
mental Data,  Case  V,  Source  Depth  = 80  Feet,  Receiver  Depth 
= 350  Feet,  Frequency  - 35  Hertz 
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(C)  Figure  IIIB-48.  RAYMODE  X (Coherent)  Case  III,  Bottom  Loss  = FNOC  Type 

Frequency  = 100  Hertz 
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Appendix  NIC.  Accuracy  Assessment  of  RAYMODE  X 
Compared  to  PARKA  Experimental  Data  (II) 
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PARKA  (U) 

Environment  (U) 

(C)  The  sound  speed  profile  for  the  PAR- 
KA environment  is  plotted  and  tabulated 
in  Figure  IIC1.  This  profile  exhibits  a 
surface  duct  to  a depth  of  262  ft  (80  ra) 
and  a deep  sound  channel  to  a depth  of 
14594  ft  (4448  m).  The  positive  depth 
excess  is  3452  ft  (1052  m) . 

(C)  Two  sets  of  bottom  loss  tables  were 
used  as  input  to  the  RAYMODE  X model . 
The  first  is  RAYMODE's  internal  MGS  bot- 
tom lots  found  in  subroutine  MGSBL,  and 
in  the  two  cases  examined,  a type  6 bot- 
tom was  found  to  pertain  at  the  site  of 
the  receiver.  The  second  set  of  curves 
are  the  FN0C/N00  curves  found  in  subrou- 
tine BTMLOS  in  the  FACT  PL9D  model;  and 
here  a type  3 bottom  was  found  from  the 
bottom  loss  province  charts.  The  latter 
curves  were  input  into  RAYMODE  X from  an 
external  table  of  91  values.  The  MGS 
curves  for  50  and  400  Hz  are  found  in 
Figures  IIIC-2  and  IIlC-3  and  Tables 
IIIC-1  and  IHC-2.  The  corresponding 
FN0C/N00  curves  are  presented  in  Figures 
IIIC-4  and  IIIC-5  and  Tables  IIIC-3  and 
IIIC-4 . At  50  Hz,  RAYMODE  X's  MGS  bottom 
loss  has  a critical  angle  of  9°,  1.6  dB 
loss  at  15°  and  8.1  dB  loss  at  normal 
incidence.  The  FN0C/N00  results  at  50  Hz 
has  a critical  angle  of  12°,  a 1 dB  loss 
at  15°,  and  10  dB  loss  at  normal  inci- 
dence. At  400  Hz,  the  RAYMODE  X internal 
MGS  curve  shows  a 7.5  dB  loss  at  zero 
degrees,  11.3  dB  at  15°,  and  15.9  dB  at 
normal  incidence.  FN0C/N00  results  for 
400  Hz  show  a constant  3 dB  loss  to  14°, 
3.3  dB  at  15°,  and  11  dB  at  normal  inci- 
dence . 

Test  Cases  (U) 

(C)  Two  test  cases  were  chosen  for  the 
PARKA  environment: 


Case  I.  Source  Depth  = 500  ft  (152.4  m) , 
Receiver  Depth  ■ 300  ft  (91.4  m),  Fre- 
quency * 50  Hz . 

Case  II.  Source  Depth  ■ 500  ft  (152.4 
m),  Receiver  Depth  - 300  ft  (91.4  m) , 
Frequency  * 400  Hz. 

(C)  For  both  cases,  source  and  receiver 
are  below  the  surface  duct.  Due  to  the 
large  depth  excess,  convergence  zone 
(CZ)  propagation  is  exhibited  by  the 
PARKA  data  in  both  cases;  in  Case  I, 
three  convergence  zones  were  observed 
and  in  Case  II,  two  zones  were  observed 
(range  was  sufficient  for  a third  zone 
but  it  was  not  evident).  In  both  cases, 
the  flat  bottom  and  single  profile  as- 
sumptions inherent  in  the  RAYMODE  X mod- 
el held  to  a range  of  200  km.  The  PARKA 
experimental  data  for  these  cases  are 
found  in  Figures  IIC6  and  IIC7. 

Accuracy  Assessment  Results  (U) 

(U)  The  accuracy  assessment  procedures 
were  followed  as  outlined  in  section  1.1 
and  described  in  detail  in  Volume  I of 
this  series.  The  following  types  of  fig- 
ures were  produced  for  each  case.  (1) 
RAYMODE  X output  using  the  coherent 
option,  (2)  the  coherent  result  smoothed 
by  application  of  a 2 kilometer  window 
running  average,  (3)  the  smoothed  coher- 
ent result  subtracted  from  PARKA,  (4) 
RAYMODE  X output  using  the  incoherent 
phase  option,  and  (5)  the  incoherent  re- 
sult subtracted  from  PARKA  data.  For 
each  case,  these  five  curves  are  first 
given  for  RAYMODE  X run  with  its  own 
internal  MGS  bottom  loss  and  then  for 
RAYMODE  X run  using  FACT  PL9D’s  FNOC/NOO 
bottom  loss  curves.  These  results  are 
given  in  Figures  IIIC-8-17  for  Case  I 
and  Figures  IIIC-18-27  for  Case  II. 
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(U)  The  means  and  standard  deviations  of 
differences  between  PARKA  data  and  RAY- 
MODE X outputs  in  dB  for  which  the  model 
upM  the  MGS  bottom  loss  are  given  in 
Tabic  IIIC-5  for  Case  I and  Table  IIIC-6 
for  Case  II.  Corresponding  results  for 
which  the  FNOC/NOO  bottom  loss  was  used 
are  given  in  Tables  IIIC-7  and  IIIC-8. 
Note  that  a positive  mean  value  of  dif- 
ference indicates  that  the  model  exhib- 
its less  loss  than  the  PARKA  exper- 
imental data  and  is  too  optimistic;  con- 
versely, a negative  mean  value  of  dif- 
ference indicates  greater  loss  for  model 
result  than  for  experimental  data  and 
the  model  prediction  is  therefore  too 
pessimistic.  Optimistic  model  results 
translate  into  prediction  of  detection 
ranges  which  are  greater  than  should  be 
predicted  (i.e.,  greater  than  the  exper- 
imental results)  and  vice  versa  for  pes- 
simistic model  results. 


(C)  The  following  observation!,  can  be 
made  wltn  regard  to  the  50  Hz  results 
(i.e..  Case  I)  from  Tables  IIIC-5  and 
IIIC-7  and  reference  to  appropriate  fig- 
ures: (1)  The  results  are  quite  sensi- 

tive to  the  choice  of  coherence  option 
with  the  incoherent  option  in  better 
agreement  with  the  data  (by  as  much  as 

4.8  dB  upon  comparing  the  sum  n + a for 
incoherent  and  coherent  results)  in  most 
regions.  The  picture  is  not,  however, 
all  one  sided;  in  the  second  and  third 
bottom  bounce  regions  the  coherent  op- 
tion shows  slight  advantage  over  the  in- 
coherent of  0.7  and  0.9  dB,  respective- 
ly, when  viewed  in  terms  of  n + <r  . (2) 
The  RAYMODE  and  FACT  bottom  loss  options 
lead  to  differences  ranging  from  0 to 

1.8  dB  in  values  of  ft  or  v.  The  use  of 
MGS  bottom  loss  results  in  better  agree- 
ment between  RAYMODE  output  and  PARKA 
data  through  the  second  bottom  bounce 
region  and  in  the  third  bottom  bounce 
region  than  does  the  use  of  the  FNOC 
bottom  loss  for  both  coherence  options. 
The  two  bottom  loss  tables  differ  by  0 
dB  to  a grazing  angle  of  9 degrees  and 
by  less  than  1 dB  thereafter.  It  is 
therefore  not  surprising  that  the  ef- 
fects of  changing  bottom  loss  in  RAYMODE 
X did  not  lead  to  large  discrepancies  in 


comparisons  with  PARKA  data.  (3)  Agree- 
ment between  PARKA  data  and  RAYMODE  X 
with  the  incoherent  phase  option  is  n * 
-1.1,  <r  * 2.9  for  the  first  convergence 
zone,  ft  - 3.5,  cr  ■ 3.8  for  the  second 
convergence  zone,  and  m " -6.4,  a ■ 2.6 
for  the  third  convergence  zone.  Thus,  we 
see  a lessening  of  agreement  with  each 
successive  zone,  a trend  one  would  ex- 
pect. (4)  In  the  bottom  bounce  regions, 
the  RAYMODE  X model  results  are  consis- 
tently optimistic;  clearly,  the  bottom 
los s was  not  great  enough  (i.e.,  a high- 
er bottom  type  is  indicated  for  the  FNOC 
area  charts  whereas  for  MGS  only  one 
bottom  loss  curve  exists  at  50  Hz  re- 
gardless of  bottom  type  and  therefore  a 
basic  problem  is  found  for  the  MGS  bot- 
tom loss  data  base) . We  note  the  increa- 
sing discrepancy  between  experimental 
data  and  model  prediction  with  range  as 
indicated  by  the  increase  of  n with  range 
in  bottom  bounce  regions.  No  clear  trend 
emerges,  however,  for  the  behavior  of 
the  standard  deviation  with  range  in 
bottom  bounce  regions. 


(C)  For  Case  II  (400  Hz)  the  means  and 
standard  deviations  of  the  difference 
curves  (PARKA  experimental  data  minus 
RAYMODE  X predictions)  found  in  Tables 
IIIC-6  and  IIIC-8  lead  to  the  following 
conclusions:  (1)  The  FNOC  bottom  loss 

results  in  .better  agreement  with  the 
data  than  does  the  use  of  MGS  bottom 
loss  information  (Note:  This  conclusion 
should  not  be  generalized  to  other  en- 
vironments or  frequency  regions)  (2) 
For  the  MGS  bottom  loss  the  model  re- 
sults are  generally  pessimistic  as  seen 
in  Table  IIIC-6  by  the  negative  values 
for  n . This  changes  to  slight  optimism 
upon  using  the  FNOC  bottom  loss  curves 
with  mean  values  varying  from  1.9  to  2.8 
dB.  (3)  The  large  standard  deviation  in 
the  region  from  127.5  to  200  kilometers 
is  due  to  the  RAYMODE  X prediction  of 
the  third  convergence  zone  which  was  not 
evxdent  in  the  PARKA  data. 


(C)  The  figure  of  merit  (F0M)  versus  de- 
tection range  analyses  for  the  two  cases 
are  given  in  Tables  IIIC-9  and  IIIC-10, 
respectively,  for  the  RAYMODE  X model 
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using  the  internal  MGS  bottom  loos. 
Corresponding  Tables  IIIC-11  and  IIXC-12 
apply  to  use  of  the  FNOC/NOO  bottom  loss 
in  RAYMODE  X.  For  Case  I,  the  following 
results  are  observed  from  Table  IIIC-9: 
(1)  For  FOM  - 80  dB,  the  PARKA  data 
shows  a double-lobed  first  convergence 
zone  whereas  the  RAYMODE  X prediction 
does  not.  (2)  For  FOM  ■ 8t  dB,  both 
PARKA  and  RAYMODE  X (coherent)  have  a 
double-lobed  first  convergence  zone. 
Although  the  zone  end  is  predicted  accu- 
rately by  RAYMODE,  zone  onset  is  at  two 
or  three  kilometers  greater  range  than 
PARKA  gives,  for  coherent  and  incoherent 
predictions,  respectively.  RAYMODE  pre- 
dicts a second  convergence  zone  with  an 
onset  at  about  5 km  greater  range  than 
the  PARKA  data  indicate.  The  third  con- 
vergence zone  predicted  by  RAYMODE  is 
not  present  in  the  PARKA  data  for  an  FOM 
of  85  dB.  (3)  For  FOM  » 90  dB,  the  RAY- 
MODE prediction  is  optimistic  with  re- 
gard to  the  PARKA  data.  The  onset  of  the 
first  CZ  is  long  by  2 km,  the  onset  of 
the  second  CZ  is  long  by  5 km  as  is  the 
zone  end.  The  third  CZ  onset  is  at  15  km 
greater  range  for  RAYMODE  than  for  PARKA 
data.  v4)  For  FOM  » 95  dB.  the  RAYMODE 
model  predicts  better  detection  perform- 
ance than  the * observed  from  PARKA  data, 
has  a cont  oue  coverage  range  which 
extends  to  beyond  the  iirst  CZ,  and 
predicts  a second  CZ  onset  9 km  beyond 
PARKA's  result.  The  third  CZ  onset,  ar.d 
end  ranges  are  greater  for  RAYMODE  than 
for  PARKA.  There  is  also  substantial 
difference  between  the  second  and  third 
CZs  predicted  by  RAYMODE  with  coherent 
phase  and  RAYMODE  with  incoherent  phase. 
In  both  cases,  the  bottom  bounce  energy 
is  evident  at  the  zone  onset  in  the  form 
of  fluctuations  in  the  coherent  result. 
(5)  For  FOM  ^ 100  dB,  the  RAYMODE  pre- 
diction is  again  optimistic  with  respect 
to  PARKA.  Indeed,  RAYMODE  incoherent 
predicts  continuous  coverage  over  the 
entire  range  extent  of  200  km.  (6)  For 
FOM  ■ 105  dB,  coverage  is  essentially 
continuous  with  the  only  difference 
being  a zone  of  no  detection  between  149 
and  155  for  PARKA. 


\v 


(C)  For  Case  II  (400  Hz)  the  following 
are  observed  from  reference  to  Table 
IIIC-10  and  the  figures:  (1)  For  FOM  * 
80  dB,  the  RAYMODE  prediction  shows  a 
first  convergence  zone  whereas  the  PARKA 
data  does  not.  (2)  For  FOM  * 85  dB,  the 
RAYMODE  model  predicts  a convergence 
zone  elongated  at  start  and  end  when 
compared  to  PARKA  data;  2 km  short  at 
the  start  and  4 km  long  at  the  end.  (3) 
For  FOM  - 90  dB,  the  start  range  of  the 
first  CZ  ia  the  same  for  RAYMODE  and 
PARKA;  the  end  of  the  zone  is,  however, 
elongated  by  5 km.  PARKA  data  shows 
second  and  third  CZ  coverage  as  does 
RAYMODE.  The  incoherent  RAYMODE  predic- 
tion for  the  second  CZ  starts  at  the 
same  range  as  PARKA  but  ends  5 km  far- 
ther. The  third  CZ  start  for  RAYMODE  is 
13  km  beyond  that  for  PARKA  and  the  end 
is  7 kra  farther.  (4)  For  F0H  = 95  dB, 
the  coverage  fer  PARKA  is  continuous  to 
50  km;  for  RAYMODE,  the  coverage  is 
zonal  at  35%  between  10  and  50  km.  The 
first  CZ  is  essentially  the  same  for 
PARKA  and  RaYMGDE.  The  second  CZ  start 
is  shifted  by  3 km  greater  range  for 
RAYMODE  as  compared  to  PARKA;  the  CZ 
ends  are  identical.  The  third  CZ  pre- 
dicted by  KAYMODE  is  not  found  in  PARKA 
data.  (5)  For  FOM  =*  100  dB,  PARKA  shows 
continuous  coverage  to  69  km  and  RAYMODE 
to  70  km,  the  end  of  the  first  CZ.  PARKA 
shows  low  (15%)  coverage  between  first 
and  second  CZs;  RAYMODE  shows  no  cover- 
age in  thi<3  region;  the  second  CZ  onset 
is  at  4 km  less  range  for  PARKA  than  for 
XAYM0DE.  Beyond  the  second  CZ,  PARKA 
shows  no  coverage  but  RAYMODE  has  a 
broad  third  CZ . (6)  For  FOM  ■ 105  dB, 
PARKA  shows  continuous  coverage  to  the 
end  of  the  second  CZ  whereas  RAYMODE  has 
no  coverage  between  the  first  and  second 
CZs.  The  end  of  the  second  CZ  is  at  129 
km  for  PARKA  and  133  km  for  RAYMODE  in- 
coherent. Beyond  the  second  CZ,  RAYMODE 
and  PARKA  coverage  are  zonal  to  133  km 
where  PARKA  coverage  ends;  RAYMODE  cov- 
erage continues  to  195  km  including  a 
third  CZ.  (7)  For  FOM  - 110  dB,  PARKA 
coverage  is  continuous  to  188  km.  RAY- 
MODE  coverage  over  this  interval  is 
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largely  zonal  pant  the  first  convergence 
zone  and  drops  out  In  the  third  bottom 
bounce  region. 
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(C)  Overall,  the  following  results  are 
given  for  the  .omparieon  between  PARKA 
experimental  data  and  the  RAYMODE  X 
model:  (1)  The  FNOC/NOO  bottom  loss 
leads  to  better  agreement  than  does  the 
MGS  bottom  loss.  (2)  At  50  Hz,  the  PARKA 
data  and  RAYMODE  predictions  agree  well 
(near  the  RAYMODE  coherent  peaks)  In  the 
first  bottom  bounce  lagion  and  agree 
well  in  the  middle  of  the  second  bottom 
bounce  region.  In  the  third  bottom 
bounce  region,  the  RAYMODE  prediction 
shows  less  loss  than  the  PARKA  data. 
This  Is  in  contrast  to  the  400  Hz  re- 
sults for  vrtilch  PARKA  shows  significant- 
ly less  loss  in  all  bottom  bounce  re- 
gions compared  to  RAYMODE.  (3)  At  50  Hz, 
the  first  convergence  zone  as  predicted 
by  RAYMODE  is  in  very  good  agreement 
with  that  of  PARKA  but  slightly  wider. 
The  second  RAYMODE  CZ  is  found  at  short- 
er range  than  is  PAAKA’s  by  about  5 kmj 
this  situation  is  exaggerated  in  the 
case  of  the  third  convergence  zone.  At 
400  Hz,  the  results  for  the  first  and 
second  CZ  starts  are  basically  the  same. 
The  RAYMODE  first  GZ  is  wider  than  RAY- 
MODE 's  and  the  second  is  narrower. 
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(U)  Table  IIIC-2.  Bottom  Loss  (dB)  versus  Grazing  Angle  (degi  js) 
MGS  Type  6.  Frequency  = 400  Hz. 
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(U)  Table  IIIC-3.  Bottom  Loss  (dB)  versus  Grazing  Angle  (degrees). 
FNOC  Type  3.  Frequency  = 50  Hz. 
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(U)  Table  IIIC-4.  Bottom  Loss  (dB)  versus  Grazing  Angle  (degrees). 
FNOC  Type  3.  Frequency  = 400  Hz. 
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(C)  Table  IIIC-G.  Means  (y)  and  Standard  Deviations  (o)  of  Differences 
Between  PARKA  Experimental  Data  and  RAYMODE  X Model  Outputs  (in  dB) 
Source  Depth  = 500  ft . , Receiver  Depth  = 300  ft . . 

Frequency  = 400  H*. 

MGS  (i.e.,  RAYMODE  X's  Internal) 

Type  6 Bottom  Loss  Used  in  RAYMODE  X Model  Runs. 


Model  Output 


RAYMODE  Coherent 


RAYMODE  Incoherent 


l°l 

Bottom 

Bounce 

Region 


l°l  Con- 
vergence 


0-54  km 


Zone 

54- 

59.5  km 


jnd 

Bottom 
Bounce 
Region 
59.5- 
10?  km 


10T- 

127.5 


5.9  2. 


1.0 

3.1 

0.4 

1.8 

-5.0  6. 3 1 -2.5  5 
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(C)  Table  IIIC-8.  Means  (y)  and  Standard  Deviations  (a)  of  Differences 
Between  PARKA  Experimental  Data  and  RAYMODE  X 
Model  Outputs  (in  dB). 

Source  Depth  = 500  ft.,  Receiver  Depth  = 300  ft., 

Frequency  = 400  Hz. 

FNOC  (i.e.,  FACT'S  Internal)  Type  3 Bottom  Loss 
Used  in  RAYMODE  X Model  Run  ;. 


i 


i 

£ 

1 


1st 

Bottom 

Bounce 

Region 

0- 

54  km 

1st  Con- 
vergence 
Zone 

54- 

59.5  km 

2nd 

Bottom 

Bounce 

Region 

59.5- 
107  km 

2n  Con- 
vergence 
Zone 

107- 

127.5  km 

127.5- 
200  km 

Model  Output 

y 

a 

y 

a 

y 

0 

y 

a 

y 

0 

RAYMODE  Coherent 

0.5 

1.8 

1.6 

3.1 

-0.1 

5.0 

-2.4 

4.9 

1.5 

7.3 

RAYMODE  Incoherent 

1.9 

1.3 

2.5 

2.1 

3.1 

2.7 

-0.7 

4.0 

2.8 

7.4 
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(C)  Table  IIIC-9a.  Detection  Ranges^8*^  (km)  as  a Function  of 
Figure  of  Merit  (FOM)  for  PARKA  Experimental  Data  and 
RAYMODE  X Predictions. 

MGS  (i.e.,  RAYMODE's  Internal)  Type  6 Bottom  Loss 
Used  in  RAYMODE  Model  Runs. 

Source  Depth  = 500  ft . , Receiver  Depth  = 300  ft . „ 
Frequency  = 50  Hz. 


3 


%'M 


.’it 

,V 

Ni 


I 


First  Convo 

Data  Set 

POM 

(<tll) 

BDHI 

[i^iuTJk 

Second  Lobe 

181 

PARKA 

80 

58 

■Vi 

RAYMODE  Coherent2 

80 

5 

Coverage  nt  6,  15.  57.5  and  62.5  km 
100$  coverage  8-  10  km 

■ 

■ 

■ 

RAYMODE  Incoherent 

EH 

H9 

■ 

mmmmmmmmmm 

PARKA 

85 

ZDC4  407,  11-23  km 

55 

a 

HH 

64.5 

RAYMODE  Coherent 

85 

* 10.5 

ZDC  157  12.5-42  km 

57 

E'  E 

E!W1 

64.5 

RAYMODE  Incoherent 

85 

31 

58 

65 

PARKA 

90 

36.5 

100$  coverage  40-46.5  km 

53.5 

..  . 

100%  coverage  53.5-71.5  km 

RAYMODE  Coherent 

IS 

11 

ZDC  707  12.5-45  km 

ESI 

a 

ZDC  65%  65.5-83  km 

RAYMODE  Incoherent 

90 

68 

100%  coverage  to  68  km;  ZDC  30%. 
109-118  km 

PARKA 

95 

74.5 

RAYMODE  Coherent 

95 

17 

ZDC  657  18-51  km 

55 

65 

ZDC  80%  102-118  km; 

100%  coverage  85.5-87.5  km 

RAYMODE  Incoherent 

95 

130.5 

PARKA 

mm 

HEH 

E|  inji.Vl*  i*  B 

|| 

|tft  * .numva  m ua swanaw 

RAYMODE  Coherent 

100 

17 

ZDC  907  17.5-27.5  km;  ZDC  80%, 
46.5  52.5  km;  1007  coverage 
28.5-45  km 

53.5 

■ 

67.5 

ZDC  50%  98-103  km;  100%  coverage 
88-87.5  km  and  104-118.5  km 

RAYMODE  Incoherent 

100 

>200 

■ 

PARKA 

105 

149 

RAYMODE  Coherent 

105 

90 

i00%  coverage  to  90  km  except  losses 
at  23.  27.5-28.5  and  87  km 

m 

100%  coverage,  100-129  km; 
ZDC  40%  93-100  km 

>200 

PARKA 

110 

>200 

" 

RAYMODE  Coherent 

110 

94.5 

100%  coverage  to  200  km  except  94.5- 
95.5,  99.  132,  167  km 

RAYMODE  Incoherent 

110 

>200 

1 


§ 

9 


la,  AH  detection  ranges  in  kilometers. 

lb.  Range  accuracy  is  ± 0.25  km. 

2.  RAYMODE  X Coherent  resutls  have  been  smoothed  by  n 2 km  running  average. 

3.  Ry  = Range  to  which  covernge  is  continuous. 

4.  ZDC  = Zonal  Detection  Coverage  (percent  the  FOM  has  n greater  value  than  the  propagation  loss  ovor  the  indicated  interval). 
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(C)  Table  IIIC-9b.  Detection  Ranges  ’ (km)  as  a Function  of 
Figure  of  Merit  (FOM)  for  PARKA  Experimental  Data 
and  RAYMODE  X Predictions.  MGS  (i.e.,  RAYMODE'S 
Internal)  Type  6 Bottom  Loss  Used  in 
RAYMODE  X Model  Runs. 

Source  Depth  = 500  ft. , Receiver  Depth  = 300  ft. , Frequency  = 50  Hz 


Second  Convenience  Zonal 

Third  Convi 

irgence  Zone  1 

Data  Set 

FOM 

(dB) 

First  Lobe  1 

Second  Lobe  1 

First  Lobe  1 

Secon 

l Lobe 

Start 

End 

Start 

End 

Start 

End 

Start 

End 

PARKA 

80 

RAYMODE  Coherent2 

80 

RAYMODE  Incoherent 

80 





PARKA 

88 

115.  S 

117.5 

171 

171 

173 

174.5 

RAYMODE  Coherent 

85 

120.5 

121 

123.5 

126 

RAYMODE  Incoherent 

88 

121 

125 

PARKA 

90 

114 

120.5 

169.5 

179 

RAYMODE  Coherent 

90 

119 

124 

124.5 

126 

184 

188 

RAYMODE  Incoherent 

90 

117.5 

127 

180.5 

188.5 

PARKA 

95 

no 

123.5 

100%  coverage  162-167.5  km 

180 

RAYMODE  Coherent 

98 

119 

126.5 

CDC  40%  127-148.5  km;  100%  cover- 
in' 177-178  km;  190-191  km 

178.5 

188.5 

RAYMODE  Incoherent 

95 

130.5 

1001  coverage  131-132.5  km  and 
190-191  km 

164 

189 

PARKA 

100 

125 

100«  coverage  resumes  at  158  km 

181.5 

RAYMODE  Coherent 

100 

119 

127.5 

CDC  55%  128-140.5  km;  1001  cover- 
ige  141-165.5  km; (ZDC  60%  166- 
175  km) 

188.5 

RAYMODE  Incoherent 

100 

PARKA 

105 

so  coverage  149-isa  km;  toot 
soverage  155-  - >200  km 

RAYMODE  Coherent 

108 

L00%  coverage  129- ill  km; (ZDC 
m 168.5-172.5  km) 

173 

189 

RAYMODE  Incoherent 

108 

•200 

la.  AU  detection  range  tn  kilometers. 


lb.  Range  accuracy  la  ±0.25  km. 

2.  RAYMODE  X coherent  results  have  been  smoothed  by  a 2 km  running  average. 

4.  ZDC  = Zonal  Detection  Coverage  (percent  the  FOM  has  a greater  value  the  propagation  loss  over 
the  indicated  interval) . 
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(C)  Table  IHC-lOa.  Detection  Ranges  * (km)  as  a Function  of 
Figure  of  Merit  (FOM)  for  PARKA  Experimental  Data  and 
RAYMODE  X Predictions. 

MGS  (i.e.,  RAYMODE's  Internal)  Type  6 Bottom  Loss 
Used  in  RAYMODE  Model  Runs. 

Source  Depth  = 500  ft . , Receiver  Depth  = 300  ft . , 

Frequency  = 400  Hz. 


First  Convergence  Zone 

Data  Sot 

If.].™ 

Bl 

tffii 

Start 

SSI 

PARKA 

m 

— = 

80 

boas  of  coverage  nt  61  kin 

60 

62 

63 

RAYMODF.  Incoherent 

80 

mn 

61 

61.5 

PARKA 

85 

■S3 

58 

RAYMODE  Coherent 

m 

uoVcrnge  ni  775  am  toss  of  cove^rtfto 
at  57-57.5  km 

50 

62 

62.5 

63.5 

1UU%  coverage  121. 5- 182.  122.9-123.5. 
124-125  km 

RAYMODE  Incoherent 

8 

EH 

EM 

63.4 

m 

PARKA 

btjh 

RAYMODE  Coherent 

90 

IB 

ZDC*  80%  8- 1C. 5 km  covcrnge  at 
64.5-05  km 

56 

64 

ZDC  85%  lir  5-127/5  km  (l.e.  di* 
continuous  \ 2nd  CZ) 

RAYMODE  Incoherent 

90 

55.5 

91 

Coverage  at  65  km 

PARKA 

95 

30 

54 

m 

RAYMODE  Coherent 

95 

mm 

ZDC  351  10-50  km 

52.5 

66 

Coverage  at  128  km 

RAYMODE  Incoherent 

95 

mm 

El 1 

67 

PARKA 

mi 

69 

■■ 

■■ 

«? 

RAYMODE  Cohoront 

100 

17.3 

ZDC  75$  18-50  km 
ZDC  05%  07.5-71  km 

52 

67 

ZDC  551  128  -32  km 

RAYMODE  Incoherent 

100 

70 

m 

m 

PARKA 

105 

TM 

M| 

■i 

RAYMODE.  Coherent 

105 

30 

100$  coverage  to  51.5  km  except 
44.  48.5,  5C,  51  km 

51.5 

70.5 

RAYMODE  Incoherent 

105 

73.5 

Coverage  at  174  and  175.5  km 

PARKA 

m 

mm 

RAYMODE  Cohcront 

110 

73 

ZDC  45%  74-107  km 

100%  coverage  73.5-77.5  km; 
ZDC  40%  78.5-103.5  km 

RAYMODE  Incohoront 

110 

70 

Coverage  103-104.  105-107  km 

PARKA 

115 

>200 

RAYMODE  Coherent 

115 

73 

ZDC  80%  73.5-104.5  km 

H 

RAYMODE  Ir  cohoront 

115 

Bffff 

ZDC  35%  141-160  km 

■ 

PARKA 

120 

■ 

■ 

RAYMODE  CO  ro.it 

120 

73.5 

100%  coverage  74-144  km  ei.cnp* 
78.  86,5.  135.  136  km 

100%  coverage  >44-150  and  151-160.5  km 

RAYMODE  Incoherent 

120 

>200 

, . 

— 

PARKA 

125 

>200 

RAYMODE  Coherent 

125 

H4.5 

100%  coverage  >200  km  except 
150-151  nnd  178  km 

RAYMODE  Incoherent 

125 

>200 

: 

In.  All  detection  rentes  in  kilometers. 


Ih,  Range  accuracy  Is  t 0.25  km. 

2.  RAYMODE  X Coherent  results  have  been  smoothed  by  n 2 km  running  average. 

3.  Rfi  = Range  to  which  coverage  is  continuous. 

4.  ZDC  = Zonal  Detection  Coverage  (percent  of  FOM  that  has  a greater  value  than  the  propagation  loss  over  the  indicated  Interval). 
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(C)  Table  IHC-lOb.  Detection  Ranges  *a,k  (km)  as  a Function  of 
Figure  of  Merit  (FOM)  for  PARKA  Experimental  Data  and 
RAYMODE  X Predictions.  MGS  (i.e.,  RAYMODE’s 
Internal)  Type  6 Bottom  Loss  used  in  RAYMODE  X 

Model  Runs. 

Source  Depth  = 500  ft.,  Receiver  Depth  = 300  ft.,  Frequency  = 400  Hz. 


: _ 

Seoul 

1 Converge  net 

Third  Conve 

roence  Zone 

Data  Set 

POM 

(dB) 

grot 

Plrat  Loba 

Second  Lobe 

VEarl 

Ind, 

Stan 

Knd 

start 

End^ 

Burr 

Ena 

PARKA 

..  M 

rAymodE 

Coherent* 

•0 

RlfttfiBS 

Incoherent 

SO 

PARKA 

It 

RAYMODE 

Coherent 

•t 

rtAYMOdB 

Incoherent 

•9 

PARKA 

00 

IM.t 

UP,  P 

RAYMODE 

Coherent 

90 

ZDC*  701  113- lit. i km  (l.e.,  Dla- 
conttnuoua  Third  CZ) 

RayRSCS  ' 

Incoherent 

90 

114 

119.5 

120.5 

126 

Coverage  aoroaa  Second  CZ  except 
117.5-118  km  and  123.5  km 

182.5 

184 

185 

186 

. PARKA 

05 

110.5 

127.0 

RAYMGDE 

Coherent 

05 

115 

US 

110.5 

127.5 

ZDC  ttl  In  2nd  Lobe  of  Third  CZ 
110-181  km 

152 

154.5 

RAYMODE 

Incoherent 

05 

113 

110.5 

120 

127.5 

172 

176.5 

180 

180 

PARKA 

100 

105.0 

121.0 

3 km  coveriso  at  165  km 

RAYMODB 

Coherent 

100 

112 

1J7,P 

No  coverage  at  156,  111  km 
coverage  at  102  km 

170.5 

177 

17?,} 

186 

RAYMODE 

Incoherent 

100 

112.5 

120.9 

Coverage  at  120.  131.5,  102  km 

121'.? 

177.5 

178 

w 

PARKA 

105 

125 

No  oo  vara  re  past  113  km 

RAYMODE 

Coherent 

105 

110 

130.5 

ZDC  401  131-137  km;  ZDC  705 
101.5-105  km;  no  coveraoe  105  km 

w 

177 

178.5 

101 

rAymodb 

Incoherent 

105 

no 

• 

133 

ZDC  105  lOi.l-105  km 

108 

101 

PARKA 

110 

RAymodb 

Coherent 

110 

107.5 

130.9 

ZDd  tot  131-140.5  km;  Coverage 
at  150.  164-115.  105.5,  105.5  km 

167 

177.5 

178.5 

194 

RAYMODE  ' 

Inocherent 

110 

107.5 

135.5 

1001  eovaraga  130.5- 130  Km  and 
160-100  km;  oovaragt  at  199  km 

168 

197 

PARKA 

115 

RaVmqde 

Coherent 

115 

104 

134.5 

ZDC  iot  liJ-W6  km 

No  coveraoe  at  184.5  km 

161 

J77.5 

178 

^200 

RAYMODE 

Incoherent 

US 

161 

PARKA 

120 

RAYtldSE 

Coherent 

130 

161 

17? 

17?,  5 

■200 

itAYMODE 

Incoherent 

120 

PARKA 

RAYMODE 

Coherent 

RAYMODE  1 

Incoherent 

la.  All  dotection  ranges  In  kilometers. 

lb.  Range  accuracy  Is  ±0.25  km. 

2.  RAYMODE  X coherent  results  have  been  smoothed  by  a 2 km  running  average. 

4.  ZDC  = Zonal  Detection  Coverage  (percent  of  the  FOM  that  has  a greotor  value  than  the  propagation  loss 

over  the  indicated  interval). 
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(C)  Table  I!IC-lla.  Deteotlon  Ranges la,b  (km)  as  a Function  of 
Figure  of  Merit  (FOM)  for  PARKA  Experimental  Data  and 
RAYMODE  X Predictions. 

FNOC  (i.e.,  FACT’S  Internal)  Type  3 Bottom  Loss 
Used  in  RAYMODE  Model  Runs. 

Source  Depth  = 500  ft . , Receiver  Depth  = 300  ft . , 
Frequency  = 50  Hz. 


..  _ 

First  Convergence  Zone 

Dnta  Set 

FOM 

(dB) 

^7 

■irniriTR 

m 

m 

ua 

PARKA 

MS 

51.0 

59.0 

00.0 

flHI 

RAYMODR  Coherent2 

IS 

H 

62. 5 

RAYMODR  Incoherent 

M 

KB 

■BBBKKBKKB 

PARKA 

N 

■TW1 

VTTSJEVTVITnBBBBB 

■SO 

EO 

56.8 

7T1 

RAYMODR  Coherent 

IB 

10.0 

ik«  m li.i-ei.Vm  ; 

coverage  at  71  and  71  km 

ST 

R0. 9 

61.5 

04 

No  coverage  except  et  119.5  end  121  km 

RAYMODR  Incoherent 

14 

1MI  coverage  IS- IT  km 

EH 

m 

PARKA 

EH 

ru 

100%  coverage.  S3.5-T1.5  km 

RAYMODR  Coherent 

ta 

.. 

I DC  TOt  li. 1-44.1  km 

Sl.l 

RAYMODR  Incoherent 

M 

mm 

PARKA 

M 

K7fl 

■■ 

■■1 

■■ 

RAYMODR  Coherent 

H 

it 

ZDC  TOt  10-51  km 

S4.S 

loot  coverage  03.5-97  km  except  0*  km 
end  101- 12T  km  except  102.5,  103.5, 
117  end  lit  km 

RAYMODR  Incoherent 

5 

ua 

PARKA 

eh 

HI 

IB 

■SB 



RAYMODR  Coherent 

ea 

IT 

TR  MOM- If  km:  Ml  «.»- 

tl  km:  100%  coverage  IH1. i km 

11.  S 

m 

100%  coverage  98.5-90.5,  100-103  Km 
ooverege  at  91.5*  96  , 99  Km 

KAYMODR  Incoherent 

EH 

mm 

■ 

EH 

mm i 

HI 

Bl 

RAYMODR  Coherent 

m 

IT 

1 1 1 II  II HI 

a 

to 

ZDC  sot  01-100  km 

RAYMODR  Incoherent 

Hi" 



■1 

PARKA 

FTTH 

R1 

SB 

SB 

bb 

SB 

RAYMODR  Coherent 

u« 

IT 

Ibttoal  lataitoJM 

RAYMODR  Inoohorent 

no 

>j*« 

| | ^ 

K 

_____ 

la.  All  detection  range*  In  kUometen. 

lb.  Range  aocureoy  la  t 0.35  km. 

2.  RAYMODR  X Coherent  reeutte  have  been  aaoothed  by  e 2 km  running  average. 

3.  Rc  * Range  to  which  coverage  la  oontlnuoua. 

4.  ZDC  ■ Zonal  Detection  Coverage  (percent  the  FOM  Her  a greeter  value  than  the  propagation  toe.  over  the  indicated  interval). 
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(C)  Table  IHC-llb.  Detection  Ranges*8’15  (km)  03  a Function  of 
Figure  of  Merit  (FOM)  for  PARKA  Experimental  Data  and 
RAYMODE  X Predictions.  FNOC  (i.e.,  FACT'S  Internal) 

Type  3 Bottom  Loss  Used  in  RAYMODE  X Model  Runs. 

Source  Depth  = 500  ft.,  Receiver  Depth  = 300  ft.,  Frequency  = 50  Hz. 


■ 

Second  Conv 

mergence  Zone 

Third  Conv 

ergence  Zone  1 

Data  Set 

mJM 

<dB) 

Ffrat  Lobe 

S*oan 

d Lobe 

Flrat 

d Lnh* 

Start 

Eftd 

Start 

sna 

start 

Ena 

sun 

End 

PARKA  _ 

80 

RAYMODE 

80 

RAYMODE 

Incoherent 

80 

PAIfKA 

85 

115.5 

117.5 

171.0 

JV’.O 

173,9 

174,5 

RAYMODE 

Coherent 

85 

124 

126 

RAYMODE 

incoherent 

85 

121.5 

124.5 

PARKA 

90 

114.0 

120.5 

169.5 

178.0 

rAymodB 

Coherent 

90 

123.5 

126.5 

ZDC4  50%  106-122.5  km 

184.5 

188 

RAYMODfe 

Incoherent 

90 

117.5 

127 

180.5 

188.5 

PARKA 

95 

110.0 

123.5 

100%  coverage  162-187.5  km 

RAYMODE 

Coherent 

95 

119 

128.5 

ZDC  30%  127-141  km;  ZDC  35% 
163-179  km;  100%  coverage  141- 
162  km:  189.5-196.5  km 

178.5 

188.5 

RAYMODE 

Incoherent 

95 

PARKA  _ 

100 

112 

125 

160%  coverage  resumes  at  158  km 

181.5 

rAymod^ 

Coherent 

100 

119 

128 

ZDC  60%  128-  l4o.T km;  ZDC  75% 
167-176.5  km;  100%  coverags  137- 
164,  189.5-191.  192.5-193.5  km 

176.0 

188.5 

RAYMODE 

100 

PARKA 

105 

• 

Noooverage.  149-155  km 

RAYMODE 

Coherent 

105 

100 

129 

ZDC  80%  129-132.5  km.  ZDC  75% 
189-200  km;  ZDC  95%  168-172.5  km 
100%  coverage  132.5-168  km 

172.5 

189 

RAyMOdI 

Incoherent 

105 

la.  All  detection  range  In  kilometers. 

lb.  Range  accuracy  la  to.  25  km. 

2.  RAYMODE  X coherent  results  have  been  smoothed  by  a 2 km  running  average. 

4.  ZDC  3 Zonal  Detection  Coverage  (percent  of  the  FOM  has  a greater  value  than  the  propagation 

loss  over  the  indicated  Interval). 
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(C)  Table  IIIC-12a.  Detection  Ranges  * (km)  as  a Function  of 
Figure  of  Merit  (FOM)  for  PARKA  Experimental  Data  and 
RAYMODE  X Predictions. 

FNOC  (i.e.,  FACT'S  Internal)  Type  3 Bottom  Loss 
Used  in  RAYMODE  Model  Runs. 

Source  Depth  = 500  ft . , Receiver  Depth  = 300  ft . , 
Frequency  = 400  Hz. 


First  Converffencv  Zone 

Uiitii  Set 

POM 

(dB) 

«e3 

First  Lobe 

Second  Lobe 

Start 

End 

Start 

End 

PARKA 

83 

9.0 

58.0 

59.5 

RAYMODE  Coherent2 

85 

6 

ZDC*  351  7-20  km  coverage  M 38.5  km 

56 

62 

63 

64 

RAYMODE  Incoherent 

B5 

5.5 

100%  coverage  6 7 km  and  63-63.5  km 

56 

82.5 

PARKA 

90 

M.S 

55.5 

59.0 

RAYMODE  Coherent 

90 

7.5 

ZDC  60%  8*54  km  coverage  at  64.3, 
66  km 

56 

64 

ZDC  45%.  A croas  second  CZ 
114-127.5  km 

RAYMODE  Incoherent 

90 

44 

55 

64 

No  coverage  at  117.5  -118  km 

.PARKA 

95 

50.0 

54.0 

66.0 

T 

RAYMODE  Coherent 

95 

7.5 

ZDC  905  8-50  km 

31.5 

64 

ZDC  15%  09- 92  km;  1001  coverage 
64.5-65,  65.5-66,  108  km 

RAYMODE  Incoherent 

95 

08. 5 

Coverage  at  89  km 

PARKA 

100 

89.0 

69.0 

ZDC  15%  69  108  km  ” 

RAYMODE  Coherent 

100 

40 

"sbc  at  ii- in  km 

No  covorago  at  48  km 

51 

66 

7 

ZDC  201  128-138.5  km 

RAYMODE  Incoherent 

100 

94 

PARKA 

105 

120.0 

RAYMODE  Coherent 

105 

50.5 

ZDC  70%  87-112  km 

51 

66 

ZDC  25%  130.5-167.5  km 

RAYMODE  Incoherent 

105 

136 

PARKA 

110 

188.0 

RAYMODE  Coherent 

no 

66 

ZDC  80%  66.5-109  km 

RAYMODE  Incoherent 

110 

198 

100%  coverage  to  2C0  km  with  loss 
at  196  km 

• 

PARKA 

115 

>200 

RAYMODE  Coherent 

115 

96 

ZDC  80%  97-108  km 

_ 

RAYMODE  Incoherent 

US 

>200 

--EARKA 

120 

>200 

RAYMODE  Coherent 

120 

103.5 

100%  coverage  to  200  km  except  at 
103.5.  133,  195,  199  km 

RAYMODE  Incoherent 

120 

>200 

la.  All  detection  rangca  in  kilometers. 

lb.  Range  accuracy  is  ♦ 0.25  km. 

2.  RAYMODE  X Coherent  results  have  been  smoothed  by  a 2 km  running  average. 

3.  Rc  - Range  to  which  coverage  is  continuous. 

4.  ZDC  - Zonal  Detection  Coverage  (percent  the  FOM  has  a greater  value  than  the  propagation  loss  over  the  indicated  interval). 
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la.  All  detection  range  in  kilomotcrs. 

lb.  Range  accuracy  is  ±0.25  km. 

2.  RAYMODE  X coherent  results  have  been  smoothed  by  a 2 km  running  average. 

4.  ZDC  = Zonal  Detection  Coverage  (percent  the  FOM  has  a grentcr  value  than  the  propagation 
loss  over  the  indicated  interval). 
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(C)  Figure  IIIC-2.  Bottom  Loss  Versus  Grazing  Angle.  MGS  6. 

Frequency  = 50  Hertz 
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(C)  Figure  IIIC-3.  Bottom  Loss  Versus  Grazing  Angle.  MGS  6. 

Frequency  = 400  Hertz 


i 


fa 


K» 

a 


fr: 


CO 


$ 


St 


a 


C-22 


CONFIDENTIAL 


CONFIDENTIAL 


^ it  sLmn  MTwr^rF'V^if*  v*  -w*  v* . v,  • *>'*>AJT,^T  *•  j 


Uu 

ft 


^ ! 

V.j 


BOTTOM  LOSS 
ANGLE  (DEG) 


0 5 10  15  SO  25  30  35  40  45  50  55  60  65  7G  75  80  85  90 


CONFIDENTIAL 


3 

£ 


I 


I 


i 


I 


(C)  Figure  IIIG-5.  Bottom  Loss  Versus  Grazing  Angle.  FNOC  3. 

Frequency  = 400  Hertz 
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RANGE  (KM) 


DENTIAL 


MGS  6,  Frequency  = 50  Hertz,  Subtracted  from 
PARKA  Data,  Source  Depth  = 500  Feet,  Receiver 
Depth  = 300  Feet,  Frequency  = 50  Hertz 
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(C)  Figure  IIIC-24.  RAYMODE  X (Coherent),  Bottom  Loss  = FNOC  Type  3 

Frequency  = 400  Hertz,  Sliding  Averages  of  5 Points 
(2.00  Kilometers) 
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Appendix  HID.  (U)  Accuracy  Assessment  of  RAYMODE  X 
Compared  to  BEARING  STAKE  Experimental  Data 


BEARING  STAKE  (U) 

Environment  (U) 

(C)  The  sound  speed  profile  for  station 
IB,  run  PI,  Is  given  In  Figure  IIID-1. 
The  profile  Is  characterized  by  a broad, 
deep  sound  channel, the  breadth  evidenced 
by  a variation  of  1 m/sec  from  1500  m to 
the  sound  channel  axis  at  1725  m and  a 
1 m/sec  increase  to  a depth  of  approxi- 
mately 2000  m.  This  profile  is  severely 
bottom  limited. 

(C)  The  bottom  loss  versus  grazing  angle 
for  this  environment  is  given  in  Figures 
IIID-2-4  and  Tables  IIID1-IIID3  for  25, 
140  and  290  Hz.  At  all  frequencies  the 
bottom  loss  is  0 dB  at  0 degrees  and 
11.2  dB  at  normal  incidence.  At  5®,  the 
losses  at  25,  240  and  290  Hz  are  0.15, 
0.73  and  1.27  dB,  respectively.  At  15® 
the  losses  are  0.58,  1.83  and  3.15  dB. 
These  experimentally  determined  bottom 
losses  are  lower  than  the  RAYMODE  inter- 
nally stored  values  for  a type  1 area 
designator,  the  lowest  loss  routinely 
available  to  this  model. 

Test  Cates  (U) 


(C)  Station  IB,  Run  PI  consists  of  12 
cases  as  follows: 


CASE 

SOURCE 
DEPTH  (m) 

RECEIVER 
DEPTH  (m) 

FREQUENCY 

(Hz) 

I 

91 

496 

25 

II 

91 

1685 

25 

III 

91 

3320 

25 

IV 

91 

3350 

25 

V 

18 

496 

140 

VI 

18 

1685 

140 

VII 

18 

3320 

140 

VIII 

18 

3350 

140 

IX 

18 

496 

290 

X 

18 

1685 

290 

XI 

18 

3320 

290 

XII 

18 

3350 

290 

(C)  In  all  cases  the  source  is  relative- 
ly shallow  at  18  or  91  m.  Receiver 
depths  vary  from  about  500  m to  the 
depth  of  the  sound  channel  axis  to  the 
bottom  and  30  m off  the  bottom.  The 
maximum  range  of  the  experimental  data 
is  286  km.  The  RAYMODE  X model  was  run 
to  this  range  with  a uniform  spacing  of 
1 km  between  points.  The  Bearing  Stake 
data  for  the  12  test  cases  are  plotted 
in  Figures  IIID-5-16.  The  Bearing  Stake 
experimental  data  are  seen  to  exhibit 
substantial  fluctuations  and,  in  order 
to  compare  mean  levels  of  model  and 
experimental  results,  the  experimental 
data  were  smoothed  by  application  of  a 
running  average  with  a 2 km  window.  The 
smoothed  experimental  data  for  the  12 
cases  are  given  in  Figures  IIID-1 7-28. 

Accuracy  AsMssmant  Results  (U) 

(U)  The  accuracy  assessment  procedures 
were  followed  as  outlined  in  section  l.l 
and  described  in  detail  in  section  5 of 
Volume  I of  this  series.  The  following 
figures  were  produced  for  each  case: 
(1)  RAYMODE  X output  using  the  coherent 
phase  addition  option,  (2)  RAYMODE  X 
coherent  output  subtracted  from  the 
smoothed  Bearing  Stake  experimental 
data,  (3)  RAYMODE  X output  using  the  in- 
coherent phase  addition  option,  and  (4) 
RAYMODE  X incoherent  results  subtracted 
from  the  smoothed  Bearing  Stake  experi- 
mental data.  The  plots  are  given  for 
each  case  successively  in  Figures  IIID- 
29-76.  The  means  and  standard  deviations 
of  differences  between  the  smoothed 
Bearing  Stake  data  and  the  RAYMODE  X 
model  results  are  given  in  Table  IIID-4. 
It  is  important  to  quantify  the  effects 
of  the  use  of  the  2 km  windov  sliding 
average  on  the  mean  and  standard  devia- 
tion of  the  differences  between  experi- 
mental data  and  model  results  as  com- 
pared to  no  averaging.  Note:  The  2 km 
window  running  average  is  equivalent  to 
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a sonar  system  which  Integrates  signal 
for  five  minutes  when  detecting  a 12 
knot  target  opening  (or  closing)  range 
to  own-ship  on  a bearing  of  180°  (or 
0*).  Means  and  standard  deviations 
between  Bearing  Stake  and  RAYMODE  X 
results  were  calculated  for  the  Bearing 
Stake  data  used  with  and  without  smooth- 
ing. In  general,  the  means  for  the  un- 
smoothed results  are  about  0.2  dB  great- 
er (i.e.,  more  positive)  than  those  for 
the  smoothed  Bearing  Stake  data  and  the 
standard  deviation  is  approximately  1 dB 
less.  The  difference  in  the  two  mean 
values  is  of  an  insignificant  amount. 
The  difference  of  the  standard  devia- 
tions, although  not  great,  is  signifi- 
cant and  clearly  in  the  proper  direc- 
tion. The  overall  effects  of  smoothing 
the  experimental  data  were  consistent 
and  not  very  great. 

(C)  The  Bearing  Stake  data  did  not  have 
clearly  definable  regions  although  some 
near-field  Interference  patterns  are  in 
evidence.  It  was  for  this  reason  that 
the  means  and  standard  deviations  were 
calculated  over  the  entire  286  km  range 
extent*  As  will  be  seen  below,  this 
choice  was  not  very  useful  and  an  arbi- 
trary set  of  intervals  such  as  0-25, 
25-50,  50-100,  100-200,  >200  km  would 
have  been  more  useful. 

(C)  Conclusions  based  upon  examining  the 
difference  curves  follow:  For  Case  I, 
the  smoothed  BEARING  STAKE  data  is 
largely  at  the  peaks  of  the  RAYMODE  X 
coherent  prediction  to  about  150  km  and 
clearly  above  (i.e.,  showing  less  loss) 
the  RAYMODE  curve  past  170  km.  For  RAY- 
MODE Incoherent,  the  Bearing  Stake  data 
has  less  loss  than  the  RAYMODE  curve  at 
almost  all  points  past  80  km.  For  Case 
II,  the  J0AST  data  shows  less  loss  than 
does  the  RAYMODE  predictions.  The  dis- 
crepancy increases  with  range  from  mean 
differences  of  3-5  dB  for  ranges  less 
than  90  km  to  12-15  dB  at  the  full  range 
extent  of  286  km.  In  Case  III,  the 
structure  of  the  Bearing  Stake  data  is 
well  emulated  to  a range  of  60  km  by 
applying  a 5 dB  offset  of  the  RAYMODE 


result  to  lower  values  of  propagation 
loss.  At  the  farthest  ranges,  an  offset 
of  17  dB  would  be  required  to  align  the 
two  data  sets.  In  Case  IV,  the  structure 
at  short  ranges  (to  about  25  km)  observ- 
ed in  the  coherent  model  output  is  not 
seen  in  the  Bearing  Stake  data.  From  25 
to  90  km,  the  mean  difference  is  3-5  dB. 
Past  this  range  the  mean  difference  be- 
tween the  curves  increases  rapidly, 
eventually  to  greater  than  20  dB.  The 
model  shows  strong  Interference  patterns 
which  lengthen  with  range.  Such  behavior 
is  not  observed  in  the  Bearing  Stake  re- 
sults. Some  of  these  effects  are  some- 
what mollified  with  respect  to  the 
Incoherent  RAYMODE  X curve.  For  Case  V, 
the  Interference  structure  of  the  Bear- 
ing Stake  data  is  not  seen  in  the  model 
result,  particularly  between  25  and  45 
km.  To  about  30  km  the  mean  difference 
is  positive  indicating  the  model  shows 
less  loss  than  the  Bearing  Stake  data. 
Past  about  70  km  this  trend  is  reversed 
and  the  model  shows  increasingly  greater 
loss  than  the  experimental  data  with 
increasing  range.  In  Case  VI,  agreement 
is  basically  good  to  75  km,  after  which 
the  experimental  data  exhibits  increas- 
ingly less  loss  with  respect  to  the 
RAYMODE  X results.  In  Case  VII,  there  is 
similarity  in  the  basic  Interference 
patterns  shown  by  Bearing  Stake  and 
RAYMODE  to  a.  range  of  60  km,  but  the 
phasing  of  these  patterns  differs.  Past 
60  km,  the  model  result  shows  increas- 
ingly greater  loss  than  the  Bearing 
Stake  data  with  increasing  range,  as 
usual.  In  Case  VIII,  both  model  and 
experiment  show  strong  Interference  pat- 
terns to  60  km  but  little  or  no  agree- 
ment in  their  structure,  causing  large 
oscillations  in  the  difference  curve. 
RAYMODE  shows  increasingly  greater  prop- 
agation loss  than  bearing  Stake  with 
increasing  range.  In  Case  IX,  generally 
good  agreement  between  RAYMODE  coherent 
and  Bearing  Stake  curves  are  seen  to 
about  45  km;  other  range  Intervals  of 
basically  good  agreement  are  60  to  70, 
90  to  105,  and  125  to  140  km.  Interlaced 
Intervals  of  strong  disagreement  are  due 
to  low  loss  features  in  the  Bearing 
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Stake  data.  Past  150  km,  RAYMODE  always 
predicts  greater  loss  than  Is  observed 
in  Bearing  Stake  experimental  results. 
In  Case  X,  with  the  exception  of  some 
high  loss  peaks  In  the  coherent  output, 
RAYMODE  and  Bearing  Stake  results  ar - In 
basic  agreement  to  a range  of  140  km. 
Past  140  kilometers  the  RAYMODE  result 
falls  off  at  a much  faster  rate  than 
does  the  Bearing  Stake  data.  In  Case  XI, 
both  coherent  RAYMODE  and  Bearing  Stake 
show  strong  interference  patterns.  The 
patterns  show  some  similarity  but  are 
out  of  phase  to  40  km;  from  40  to  105  km 
the  interference  patterns  seem  unrela- 
ted. The  lack  of  coincidence  of  these 
large  Interference  patterns  is  respon- 
sible for  large  oscillations  of  the 
difference  curve.  This  effect  is  les- 
sened for  the  incoherent  RAYMODE  compar- 
ison with  Bearing  Stake.  Past  150  km, 
the  difference  curve  is  seen  to  increas- 
ingly rise  to  more  negative  values, 
indicating  higher  and  higher  loss  for 
model  as  compared  to  experiment  with 
increasing  range.  For  Case  XII,  the 
RAYMODE  coherent  prediction  shows  much 
stronger  interference  patterns  to  100  km 
than  are  observed  in  the  Bearing  Stake 
experimental  data,  causing  large  oscil- 
lations in  the  difference  curve.  These 
oscillations  are  superimposed  on  a trend 
from  positive  values  of  difference  (m*»5 
dB)  at  short  ranges  (10  km)  to  zero  mean 
in  the  neighborhood  of  100  km,  to  large 
negative  differences  (/*<«-13  dB)  at  long 
range  (280  km).  The  same  trend  is  clear- 
er for  the  incoherent  RAYMODE  versus 
Bearing  Stake  comparison  since  the  large 
interference  pattern  oscillations  are 
not  present. 

(C)  We  now  see  how  the  above  is  reflec- 
ted In  the  figure  of  merit  (FOM)  analy- 
sis. This  analysis  technique  is  demon- 
strated in  section  1 of  this  volume  and 
in  section  5 of  Volume  I in  greater  de- 
tail. The  result  is  detection  coverage 
for  various  values  of  FOM  (in  5 dB 
steps)  for  the  Bearing  Stake  experimen- 
tal data  (unsraoothed) , the  RAYMODE  X 
coherent  result,  and  the  RAYMODE  X inco- 
herent result.  For  Case  I,  Bearing  Stake 
data  shows  greater  detection  coverage 


than  do  RAYMODE  results  for  FOM  75  dB. 
At  FOM  ■ 80  dB,  RAYMODE  coherent  has  the 
greatest  detection  coverage,  followed  by 
Bearing  Stake  data  and  RAYMODE  incoher- 
ent, in  that  order.  For  FOM  - 85  and  90 
dB,  Bearing  Stake  and  RAYMODE  coherent 
have  similar  detection  coverage  both  of 
which  are  much  greater  than  RAYMODE  in- 
coherent coverage  results.  For  FOM  95 
dB,  long  and  comparable  detection  cover- 
age is  found  between  the  model  and 
experimental  data.  For  Case  II,  Bearing 
Stake  experimental  data  lead  to  greater 
detection  coverage  than  predicted  by  the 
RAYMODE  X model,  regardless  of  coherence 
option,  at  all  FOMs.  This  superior  de- 
tection coverage  is  in  terms  of  both 
maximum  range  and  percentage  of  the  time 
detection  can  be  made  in  a given  range 
interval.  For  Case  III,  deteccion  cover- 
age is  30X  longer  for  Bearing  Stake  data 
compared  to  the  RAYMODE  X prediction  at 
FOM  ■ 75  dB.  This  difference  becomes 
greater  at  higher  FOMs;  at  FOM  * 80  dB, 
Bearing  Stake  detection  coverage  is 
three  times  longer  than  RAYMODE's.  For 
FOM  95  dB,  both  experiment  and  model 
predict  coverage  to  285  km;  but  Bearing 
Stake,  due  to  continuous  coverage,  can 
detect  a greater  percentage  of  the  time 
than  RAYMODE  with  its  intermittent  cov- 
erage. Detection  coverage  results  for 
Case  IV  are  quite  similar  to  those  for 
Case  III.  For  Case  V,  detection  coverage 
is  short  (4-5  km)  at  FOM  = 75  dB  for 
both  model  and  experiment.  For  higher 
FOMs  (80-90  dB)  detection  coverage  is 
much  greater  for  Bearing  Stake  data  than 
for  RAYMODE  incoherent  predictions  comp- 
arable for  RAYMODE  coherent  predictions. 
For  FOM>95  dB,  maximum  detection  cover- 
age range  and/or  percentage  of  coverage 
is  greater  for  Bearing  Stake  results 
than  for  RAYMODE  predictions.  For  Case 
VI,  at  FOM<85  dB,  Bearing  Stake  and  co- 
herent RAYMODE  detection  coverage  re- 
sults are  in  basic  agreement  with  RAY- 
MODE X incoherent  predicting  compara- 
tively pessimistic  detection  coverage. 
For  FOM>90  dB  Bearing  Stake  gives  better 
detection  coverage  than  does  RAYMODE, 
the  discrepancy  increasing  with  Increas- 
ing FOM  in  terms  of  maximum  detection 
range  and/or  percentage  coverage.  For 
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Case  VII,  Bearing  Stake  and  RAYMODE  give 
similar  detection  coverage  for  FOM  * 75 
and  80  dB.  For  FOM  85  dB,  Bearing 
Stake  coverage  is  longer  and  stronger 
than  RAYMODE's  by  factors  as  great  as  2 
to  1.  For  Case  VIII,  Bearing  Stake  and 
RAYMODE  X coherent  give  similar  detec- 
tion coverage  for  FOM  <^85  dB.  At  FOM  * 
85  dB,  RAYMODE  incoherent  is  pessimis- 
tic. At  FOM  90  dB,  Bearing  Stake  data 
yield  longer  detection  ranges  with  high- 
er percentage  coverage  than  do  RAYMODE 
predictions.  For  Case  IX,  Bearing  Stake 
and  RAYMODE  detection  coverage  is  simi- 
lar for  FOM  < 90  dB  with  the  exception 
of  a pessimistic  RAYMODE  incoherent 
result  at  FOM  - 90  dB.  At  FOM  ^ 95  dB, 
Bearing  Stake  yields  superior  detection, 
coverage  to  RAYMODE.  For  Case  X,  detec- 
tion coverage  between  RAYMODE  and  Bear- 
ing Stake  results  is  comparable  (with 
coherent  RAYMODE  being  closer  to  Bearing 
Stake  than  incoherent  RAYMODE  which  is 
pessimistic)  at  FOM  95  dB.  Past  this 
FOM,  Bearing  Stake  gives  longer  and  more 
complete  detection  coverage  than  does 
RAYMODE.  For  Case  XI,  RAYMODE  gives 
slightly  better  detection  coverage  than 
Bearing  Stake  for  FOM  <95  dB.  For  FOM  > 
100  dB,  however,  Bearing  Stake  yields 
detection  coverage  far  greater  than  RAY- 
MODE predicts.  Results  for  Case  XII  are 
roughly  similar  to  those  for  Case  XI. 

(C)  General  Conclusions:  (a)  RAYMODE  X 
coherent  predictions  are  in  better 
agreement  with  Bearing  Stake  data  than 
are  RAYMODE  X incoherent  predictions, 
(b)  agreement  between  RAYMODE  and  Bear- 
ing Stake  results  are  often  in  reason- 
able agreement  to  ranges  from  as  far  as 
60  to  150  km,  (c)  in  the  difference 
curves,  there  is  an  underlying  trend 
causing  the  difference  between  Bearing 
Stake  and  RAYMODE  results  to  become 
increasingly  negative  with  range.  This 
suggests  that  a higher  critical  angle  in 
the  bottom  loss  versus  grazing  angle 
curve  would  lead  to  better  agreement, 
offsetting  this  trend,  (d)  Bearing  Stake 
data  for  the  receiver  on  and  30  m off 
the  bottom  show  strong  Interference  pat- 
terns. RAYMODE  X predictions  show  pat- 
terns which  are  generally  out  of  phase 


with  those  of  Bearing  Stake  at  short 
ranges  (<30  km)  and  dissimilar  at  longer 
ranges.  The  RAYMODE  interference  pat- 
terns are  generally  stronger  (l.e., 
greater  peak-to-peak  excursion)  than  are 
those  of  Bearing  Stake,  (e)  Detection 
coverage  results  are  usually  in  rough 
agreement  for  figures  of  merit  of  75  and 
80  dB  between  RAYMODE  X predictions  and 
Bearing  Stake  data.  This  agreement  often 
extended  to  85  and  90  dB  and  in  one  case 
to  95  dB.  (f)  For  FOM  > 95  dB,  Bearing 
Stake  detection  coverage  was  to  much 
longer  range  and  was  more  complete 
(i.e.,  better  percentage  coverage). 
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(C)  Table  IIID-1.  Bearing  Stake  Station  IB,  Run  PI.  Bottom  Loss  (dB) 
versus  Grazing  Angle  (degrees).  Frequency  = 25  Hertz 


e 

BL 

0 

BL 

e 

BL 

0 

BL 

0 

BL 

0 

BL 

0 

15 

wm 

30 

4.20 

10.40 

60 

11.20 

75 

11.20 

n 

16 

H 

31 

4.80 

10.45 

61 

11.20 

76 

11.20 

mm 

0.075 

17 

0.85 

32 

5,60 

47 

10.50 

62 

11.20 

77 

11.20 

H 

0.10 

18 

1.00 

33 

6.20 

48 

10.60 

63 

11.20 

78 

11.20 

n 

0.15 

19 

1.10 

34 

6.90 

49 

10.70 

64 

11.20 

79 

11.20 

5 

0.20 

20 

1.30 

35 

7.60 

50 

10.75 

65 

11.20 

80 

11.20 

6 

0.25 

21 

1.50 

36 

8.20 

51 

10.80 

66 

11.20 

81 

11.20 

7 

0.30 

22 

1.60 

37 

8.90 

52 

10.90 

67 

11.20 

82 

11.20 

8 

0.35 

23 

1.70 

38 

9.70 

53 

10.95 

68 

11.20 

83 

11.20 

9 

0.40 

24 

2.00 

39 

10.10 

54 

11.00 

69 

11.20 

84 

11.20 

10 

0.45 

25 

2.20 

40 

10.15 

55 

11.05 

70 

11.20 

85 

11.20 

11 

0.50 

26 

2.60 

41 

10.20 

56 

11.10 

71 

11.20 

86 

11.20 

12 

0.55 

27 

2.80 

42 

10.25 

57 

11.15 

72 

11.20 

87 

11.20 

13 

0.60 

28 

3.20 

43 

10.30 

58 

11.20 

73 

11.20 

88 

11.20 

14 

0.58 

29 

3.50 

44 

10.35 

59 

11.20 

74 

11.20 

89 

11.20 
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(C)  Table  IIID-2.  Bearing  Stake  Station  IB,  Run  PI.  Bottom  Loss  (dB) 
versus  Grazing  Angle  (degrees).  Frequency  = 140  Hertz. 


e 

BL 

e 

BL 

e 

BL 

0 

BL 

0 

BL 

0 

BL 

mm 

0.00 

15 

mm 

KB 

4.13 

IB 

10.43 

60 

11.20 

IB 

11.20 

i 

0.13 

16 

1 

EB 

4.33 

EB 

10.53 

61 

2 

0.33 

17 

1 

32 

4.63 

47 

10.63 

62 

77 

I 

3 

0.53 

18 

33 

48 

10.73 

63 

78 

lgl|| 

4 

0.79 

19 

2.13 

34 

5.63 

49 

10.74 

64 

11.20 

79 

5 

0.93 

2.23 

35 

6.23 

10.83 

65 

80 

6 

1.18 

21 

2.33 

36 

6.93 

51 

10.84 

66 

81 

Ip!* 

7 

1.33 

22 

2.43 

37 

7.53 

52 

10.85 

67 

82 

8 

1.53 

23 

2.63 

38 

8.13 

53 

10.86 

68 

83 

9 

1.53 

24 

2.83 

39 

8.63 

54 

10.92 

69 

84 

10 

1.68 

25 

2.93 

9.13 

55 

10.93 

85 

1 

11 

1.73 

26 

3.23 

41 

9.63 

56 

10.94 

11.20 

86 

12 

1.78 

27 

3.33 

42 

57 

87 

13 

1.83 

28 

3.63 

43 

10.23 

58 

11.02 

11.20 

88 

14 

1.83 

29 

3.83 

44 

10.33 

59 

11.03 

11.20 

89 

11.20 
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(C)  Table  IIID-3.  Bearing  Stake  Station  IB,  Run  PI.  Bottom  Loss  (dB) 
versus  Grazing  Angle  (degrees).  Frequency  = 290  Hertz, 


0.00 

0.27 

H 

3.17 

3.18 

30 

31 

0.67 

17 

3.19 

32 

0.97 

18 

3.37 

33 

1.27 

19 

3.57 

34 

1.57 

20 

3.77 

35 

1.87 

21 

3.97 

36 

2.17 

22 

4.19 

37 

2.37 

23 

4.57 

38 

2.47 

24 

4.77 

39 

2.67 

25 

5.17 

40 

2.77 

26 

5.37 

41 

2.87 

27 

5.67 

42 

3.07 

28 

5.97 

43 

3.15 

29 

6.17 

44 

6.77 

6.97 
7.47 

7.97 

8.27 

8.67 

9.27 

9.67 

9.77 

9.97 
10.17 
10.27 
10.47 


11.07 

11.20 

11.20 

11.20 

11.20 

11.20 

11.20 

11.20 

11.20 

11.20 

11.20 

11.20 

11.20 
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e 

BL 

0 

BL 

60 

11.20 

IB 

61 

11.20 

1 

62 

11.20 

77 

11.29 

63 

11.20 

78 

11.20 

64 

11.20 

79 

11.20 

65 

11.20 

80 

11.20 

66 

11.20 

81 

11.20 

67 

11.20 

82 

11.20 

68 

11.20 

83 

11.20 

£9 

11.20 

84 

11.20 

70 

11.20 

85 

11.20 

71 

11.20 

86 

11.20 

72 

11.20 

87 

11.20 

73 

11.20 

88 

11.20 

74 

11.20 

89 

11.20 
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(C)  Table  IIID-4.  Means  (dB)  and  Standard  Deviations  (dB)  Between 
Smoothed  Bearing  Stake  Data*  and  RAYMODE  X Model  Results. 


Case 


I 

II  in 

III  IB 

IV  IB 

V IB 

VI  IB 

VII  IB 

VIII  IB 


Run 

Source 

Depth 

(meters) 

Receiver 

Depth 

(meters) 

Frequency 

(Hertz) 

PI 

91 

496 

25 

PI 

91 

1685 

25 

PI 

91 

3320 

25 

PI 

91 

3350 

25 

PI 

18 

496 

140 

PI 

18 

1685  . 

140 

P1 

18 

3320 

140 

PI 

18 

3350 

140 

PI 

18 

496 

290 

PI 

18 

1685 

290 

PI 

! 

18 

4320 

290 

PI 

18 

4350 

i 

290 

RAYMODE  X 

Coherent 

Incoherent 

wmwMwmmm 

-5.5 

6.9 

-3.7 

4.3 

-7.7 

6.5 

-4.9 

4.0 

-9.6 

7.0 

-6.6 

4.8 

-8.5 

7.5 

-6.4 

3.6 

-6.1 

7.2 

-4.8 

5.0 

-6.3 

7.1 

-5.1 

4.3 

-7.4 

7.1 

-7.2 

5.2 

-6.1 

7.9 

- 6 ; 8 

6.0 

-6.6 

7.9 

-5.3 

6.1 

-6.0 

8.1 

-4.7 

6.4 

-3.8 

8.4 

-4.1 

7.1 

-2.4 

7.8 

-4.1 

7.0 

1.  Smoothed  by  application  of  a 2 km  window  running  average. 
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(C)  Table  IIID-5.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit  (FOM) 
in  dB  for  Bearing  Stake  Data*  and  RAYMODE  X Model  Results. 

Case  I:  (Station  IB  Run  PI,  Source  Depth  = 91  m,  Receiver  Depth  = 496  m, 

Frequency  = 25  Hz.) 


Data  Set 

FOM 

He2 

Range  > R0 

Bearing  Stake 

70 

3.8 

RAYMCDE  X 
Coherent 

70 

2.3 

RAYMODE  X 
Incoherent 

70 

3.0 

Bearing  Stake 

75 

5.5 

ZDC3  15%,  5.5-31  km 

RAYMODE  X 
Coherent 

75 

3.0 

Coverage  at  4.5,  10.5,  25.5  km 

RAYMODE  X 
Incoherent 

75 

5.0 

Bearing  Stake 

80 

6.0 

ZDC  50%,  6-32  km,  ZDC  5-10%,  32-90.5  km 

RAYMODE  X 
Coherent 

80 

7.0 

ZDC  35%,  9-45  km 

RAYMODE  X 
Incoherent 

80 

17.0 

Bearing  Stake 

85 

6.5 

ZDC  65%.  6.5-99  km;  ZDC  15%,  90.5-175  km 

RAYMODE  X 
Coherent 

85 

15.0 

ZDC  45%.  18.5-8'*  H. 

RAYMODE  X 
Incoherent 

85 

31.5 

Bearing  Stake 

90 

65.5 

ZDC  8S%,  65.5-150  km;  ZDC  30%,  150-243  km 

RAYMODE  X 
Coherent 

90 

18.0 

ZDC  45%,  19.5-165  km 

RAYMODE  X 
Incoherent 

90 

93.0 

1 

100%  coverage  109.5-115.5  and  120-123  km 

Bearing  Stake 

93 

76.5 

ZDC  85%  235->287  km;  100%  coverage  (except  for  dropouts  at 
76,  168  km)  to  235  km 

RAYMODE  X 
Coherent 

95 

31.5 

ZDC  65%,  31.5-225  km 

RAYMODE  X 
Incoherent 

95 

172.5 

100%  coverage  177-193  km,  205.5-210  km  and  217.5-220.5  km 

Bearing  Stake 

100 

77.0 

100%  coverage  (except  for  dropouts  at  76,  168  km)  to  >287  km 

RAYMODE  X 
Coherent 

100 

46.0 

1 

ZDC  70%,  46-283.5  km 

RAYMODE  X 
Incoherent 

100 

271.5 

100%  coverage  282  >28B  km 

1.  Smoothed  b,  running  average  with  2 Kilometer  window. 

2.  Rc  = Range  to  which  detection  coverage  is  continuous. 

3.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  indicated  range  interval  over  which 
detection  can  be  made. 
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(C)  Table  IIID-6.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit  (FOM) 
in  dB  for  Bearing  Stake  Data1  and  RAYMODE  X Model  Results. 

Case  II:  (Station  IB  Run  PI,  Source  Depth  = 91  m,  Receiver  Depth  = 1685  in, 

Frequency  = 25  Hz.) 


Data  Set 


i earing  Stake 


II A V MODE  X 
Coho rent 


I?  XYMODE  X 
Inoolai  ent 


Ma  iling  Stake 


il  AY  MODE  X 
Coin  font 


R:\YMODE  X 
an.  ih, .rent 


Hearing  Stake 


HAYMOW’  X 
Ci.ni.r  .iii 


RAYMODE  X 
Incoherent 


Bearing  Stake 


RAYMODE  X 
Cuhermit 


RAYMODE  X 
Incoherent 


Bearing  Stake 


RAYMODE  X 
Coherent 


RAYMODE  X 
Incoherent 


Range  > Rf 


a 


One  small  peak  (1  point)  at  19  km 


ZDC°  70%,  13-44  km 


ZDC  15%,  13.0-36  km 


ZDC  95%,  25-66  km;  ZDC  50%,  66-119  km;  ZDC  15%,  119-19!)  Urn 


ZDC  35%,  12.0-70.5  km 


100%  coverage  45-51  km 


ZDC  95%,  75-144  km;  ZDC  60%,  149-196  km;  ZDC  10%, 
196-186  km 


ZDC  40%,  16.5-159.0  km 


ZDC  95%,  76-256  km;  ZDC  80%,  256  ->287  km 


ZDC  50%,  82-216.0  km 


95  166.5 


100%  coverage  171-179  km,  192  198  km,  and  212-216  km 


Bearing  Stake 


100  > 287.0 


RAYMODE  X 
Coherent 


RAYMODE  X 
IikmIk.  rent 


ZDC  70%,  51.0-264.0  km 


100%  coverage  249-265  km,  270-283.5  km 


l.  Smoothed  by  running  average  with  2 kilometer  window. 


R(l  - Range  to  which  detection  coverage  is  continuous. 


3.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  indicated  range  interval  over  which  detection 
can  be  made. 

CONFIDENTIAL 


CONFIDENTIAL  S 


CONFIDENTIAL 


(C)  Table  IIID-7.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit  (FOM) 
in  dB  for  Bearing  Stake  Datal  and  RAYMODE  X Model  Results. 

Case  III : (Station  IB  Run  PI,  Source  Depth  = 91  m,  Receiver  Depth  = 3320  m, 

Frequency  = 25  Hz.) 


Data  Set 


Bearing  Stake 


RAYMODE  X 
Coherent 


RAYMODE  X 
Incoherent 


Bearing  Stake 


Bearing  Stake 


RAY MODE  X 
Coherent 


RAYMODE  X 
Incoherent 


Bearing  Stake 


RAYMODE  X 
Coherent 


Bearing  Stake 


RAYMODE  X 
Coherent 


RAYMODE  X 
Incoherent 


Bearing  Stake 


RAYMODE  X 
Coherent 


RAYMODE  X 
Incoherent 


237.0 


Range  > R 


ZDCJ  85%,  5-22  km 


100%  coverage  1.5- 3.0  km  and  10.5-16.5  km 


100%  coverage  1.5-16.5  km 


ZDC  90%,  6-71.5  km 


100%  coverage  1.5-5  km  and  9.0-17.0  km 


ZDC  20%,  225-286  km;  ZDC  65%,  75-140  km;  ZDC  50%, 
140-225  km 


100%  coverage  1.0-7  km,  8-19  km,  30-47  km 
ZDC  10%.  48-82.5  km 


100%  coverage  52.5-62  km 


ZDC  90%,  75.5-286  km 


100%  coverage  22-25  km,  and  28.5-52  km;  ZDC  45%,  52.5-166.5  km 


100%  coverage  133.5-138  km 


100%  coverage  (except  for  dropouts  at  76,  186  km)  to >286  km 


100%  coverage  21-26  km,  28-84  km  (except  54,  88  km);  ZDC  40%, 
85.5-222  km 


100%  coverage  161-196  km;  ZDC  25%,  201-285  km 


100%  coverage  (except  dropouts  at  76,  168  km)  to  > 286  km 


100%  coverage  27-103.5  km,  105-124.5  km,  126-147  km  and 
14S.5-163  km;  ZDC  50%,  164.5-285  km 


100%  coverage  238.5-250.5  km,  257-275  km,  >278  km 


1.  Smoothed  by  running  average  with  2 kilometer  window. 


2.  Rc  = Range  to  which  detection  coverage  is  continuous. 


3.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  indicated  range  interval  over  which  detection  can 
be  made. 
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(C)  Table  IIID-8.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit  (FOM) 
in  dB  for  Bearing  Stake  Data!  and  RAYMODE  X Model  Results. 

Case  IV:  (Station  IB  Run  PI,  Source  Depth  = 91  m,  Receiver  Depth  = 3350  m, 

Frequency  = 25  Hz.) 


Data  Set 


Range  > R 


Bearing  Stake 


ZDC*  95%,  6-19  km 


RAYMODE  X 
Coherent 


100%  coverage,  1.5-7. 5 km,  9-16  km,  and  19  kra 


RAYMODE  X 
Incoherent 


Bearing  Stake 


100%  coverage  1.5-16.5  km 


ZDC  60%,  35-69  km;  100%  coverage  87-90  km 


RAYMODE  X 
Coherent 


100%  coverage  1.5-7. 5 km,  9-16  km;  ZDC  35%,  18-51  km 


RAYMODE  X 
Incoherent 


Bearing  Stake 


ZDC  70%,  80-150  km,  ZDC  20%,  150-186  km 


RAYMODE  X 
Coherent 


100%  coverage  1.5-16  km,  17.5-19.5  km,  20-30  km, -27-28.5  km 
and  30-47  km.  ZDC  45%,  48-91.5  km 


RAYMODE  X 
Incoherent 


Bearing  Stake 


ZDC  90%,  150-286  km 


RAYMODE  X 
Coherent 


100%  coverage  1.5-16.5  km,  17-23  km,  25.5-75  km  (except 
dropouts  at  27,  52  km).  ZDC  50%,  75-173  km 


RAYMODE  X 
Incoherent 


100%  coverage  135-138  km 


Qearing  Stake 


>286. 


RAYMODE  X 
Coherent 


100%  coverage  1.5-96  km  (except  dropouts  at  24,  48,  85  km) 
ZDC  60%,  100.5-224.5 


RAYMODE  X 
Incoherent 


100%  coverage  160.5-196  km 
ZDC  20%,  201-286  km 


Bearing  Stake 


RAYMODE  X 
Coherent 


RAYMODE  X 
Incoherent 


ZDC  75%  238.5-  >286  km 


1.  Smoothed  by  running  average  with  2 kilometer  window. 


2.  Rc  = Range  to  which  detection  coverage  is  continuous. 


3.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  indicated  range  interval  over  which  detection 
can  be  made. 
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100%  coverage  1.5-124.5  km  (except  dropouts  at  100  km,  103.5  km) 
ZDC  65%,  126-257.5  km 
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■(C)  T sle  IIID-9.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit  (FOM) 
in  dB  for  Bearing  Stake  Data!  and  RAYMODE  X Model  Results. 

Case  V:  (Station  IB  Run  PI,  Source  Depth  = 18  m,  Receiver  Depth  = 496  m, 

Frequency  = 140  Hz.) 


Data  Set 

FOM 

»c1 2 

Range  > Rc 

Bearing  Stake 

75 

5.0 

RAYMODE  X 
Coherent 

75 

4.0 

RAYMODE  X 
Incoherent 

75 

4.5 

Bearing  Stake 

80 

6.0 

100%  coverage  30.5-34  km 

RAYMODE  X 
Coherent 

80 

■fl 

100%  coverage  10.5-13.5  km,  27-29  km;  Peaks  at  6,  and  31.5  km 

RAYMODE  X 
Incoherent 

80 

mm 

Bearing  Stake 

85 

wm 

ZDC3  50%  7-41  km 

RAYMODE  X 
Coherent 

85 

mm 

ZDC  65%  7.5-36  km,  peaks  at  49  and  55.5  km 

RAYMODE  X 
Incoherent 

85 

34.5 

Bearing  Stake 

90 

8.0 

100%  coverage  11-44  km  ZDC  55%,  44-115  km 

RAYMODE  X 
Coherent 

90 

mm 

100%  coverage  15.5-37  km;  ZDC  40%,  40.5-94.5  km 

90 

■as 

95 

41.0 

ZDC  75%,  41-150  km  ZDC  15%,  150-247.5  km 

RAYMODE  X 
Coherent 

95 

■m 

ZDC  45%  40-139  km 

RAYMODE  X 
Incoherent 

95 

m 

Bearing  Stake  1 

i 100 

136.5 

ZDC  95%,  136.5-249  km 

RAYMODE  X 
Coherent 

38.0 

ZDC  65%  39-145  km,  ZDC  10%  151-204  km 

RAYMODE  X 
Incoherent 

100 

142.5 

Bearing  Stake 

105 

251.0 

ZDC  90%,  251-286  km 

105 

43.5 

100%  coverage  45-139.5  km  (except  dropouts  at  89.0  km,  103.5  km, 
and  124.5  km);  ZDC  55%,  141-235  km 

RAYMODE  X 
Incoherent 

105 

195.0 

1.  Smoothed  by  running  «v.  ge  w:  kilometer  window. 

2.  ft  = Range  to  which  detection  coverage  is  continuous. 


3.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  indicated  range  interval  over  which  detection  can 
be  made. 
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(C)  TaDle  HID- 10.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit  (FOM) 
in  dB  for  Bearing  Stake  Data1  and  RAYMODE  X Model  Results. 

Case  VI:  (Station  IB  Run  PI,  Source  Depth  = 18  m,  Receiver  Depth  = 1685  m, 

Frequency  = 140  Hz.) 


Data  Set 

FOM 

Range  > RQ 

Bearing  Stake 

75 

6.5 

100%  coverage,  8-10  km 

RAYMODE  X 
Coherent 

75 

4.5 

100%  coverage,  5-8  km;  peak  at  10  km 

RAYMODE  X 
Incoherent 

75 

9.0 

Bearing  Stake 

80 

11.0 

ZDC3  25t,  11-21  km 

RAYMODE  X 
Coherent 

80 

12.0 

lOOt  coverage  15-18  km,  19.5-22.5  km;  peak  at  23  km 

RAYMODE  X 
Incoherent 

80 

10.5 

Bearing  Stake 

85 

15.5 

ZDC  45t,  20-48  km 

RAYMODE  X 
Coherent 

85 

13.0 

lOOt  coverage  14-25.5  km,  31.5-37.5  km,  40.5-43  km 
Peaka  at  26  km,  88  km,  46.5  km 

RAYMODB  X 
Incoherent 

85 

12.0 

Bearing  Stake 

90 

43.5 

ZDC  95t,  45-67  km;  ZDC  25t,  67-115.5  km 

RAYMODE  X 
Coherent 

90 

13.5 

lOOt  coverage  14-28  km,  28.5-43.5;  ZDC  65t,  45.0-70.5  km; 
Peaka  at  83  km,  91.5  km 

RAYMODE  X 
Incoherent 

90 

60.0 

Bearing  Stake 

95 

129.0 

ZDC  85t,  129-150  km;  ZDC  20t,  150-216.5  km 

RAYMODE  X 
Coherent 

95 

43.5 

ZDC  45t,  44.0-124.5  km;  PeaRs  at  145.5  km,  152  km 

RAYMODE  X 
Incoherent 

95 

96.0 

Bearing  Stake 

100 

157.5 

ZDC  85t,  157.5-226.5  km;  ZDC  20t,  226.5-286  km 

RAYMODE  X 
Coherent 

100 

79.5 

ZDC  55t,  81-180  km 

RAYMODE  X 
Incoherent 

100 

133.0 

Bearing  Stake 

105 

162.0 

lOOt  ooverage  (except  162-166  km)  to  > 286  km 

RAYMODE  X 
Coherent 

105 

88.0 

lOOt  coverage  90-128  km;  ZDC  40t,  130-243 

RAYMODE  X 
Incoherent 

105 

190.5 

a 

s8 


4 


6> 

jV 


1.  Smoothed  by  running  average  with  2 kilometer  window. 

2.  Rc  = Range  to  which  detection  coverage  is  continuous. 

3.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  indicated  range  interval  over  which  detection 
can  be  made. 
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(C)  Table  IIID- 11.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit  (FOM) 
in  dB  for  Bearing  Stake  Data1  and  RAYMODE  X Model  Results. 

Case  VII:  (Station  IB  Run  PI,  Source  Depth  = 18  m,  Receiver  Depth  = 3320  m, 

Frequency  = 140  Hz.) 


Data  Set 

FOM 

19 

Range>Rc 

Bearing  Stake 

75 

9 

ZDC3  50%  to  18.5  km 

RAYMODE  X 
Coherent 

75 

100%  coverage  1.5-3  km,  4.5-5  km,  6-7.5  km,  12-16.5  km 

RAYMODE  X 
Incoherent 

75 

100%  coverage  1.5-17  km 

Bearing  Stake 

80 

9 

ZDC  80%  9-20  km;  100%  coverage  45-50  km 

RAYMODE  X 
Coherent 

80 

100%  coverage  1.5-3  km,  4.5-8  km,  11-18  km 

RAYMODE  X 
Incoherent 

80 

100%  coverage  1.5-19  km 

Bearing  Stake 

85 

24 

ZDC  50%,  24-84  km,  ZDC  5%  84-130  km 

RAYMODK  X 
Coherent 

85 

mm 

100%  coverage  4-9  km,  9-10.5  km,  11-20  km,  35-50  km;  peak  at  22.5  km 

RAYMODE  X 
Incoherent 

85 

20.0 

Bearing  Stake 

90 

24 

100%  coverage  (except  for  dropouts  at  24,  59  km)  to  141.5  km 
ZDC  15%  141.5-215.5  km 

RAYMODE  X 
Coherent 

90 

■a 

100%  coverage  22-24  km,  34.5-54  km 
ZDC  70%,  58-85.5 

90 

56.0 

Bearing  Stake 

95 

141.5 

ZDC  65%,  141-249  km 

RAYMODE  X 
Coherent 

95 

mm 

100%  coverage  21-25.5  km,  33-85.5  km  (except  61  km),  144-146  km 
ZDC  45%,  41-83  km,  ZDC  80%  87-123 

RAYMODE  X 
Incoherent 

95 

94.0 

Rearing  Stake 

100 

143 

ZDC  15%,  143-286  km 

RAYMODE  X 
Coherent 

100 

85.5 

100%  coverage,  86-88.5  km,  89-125  km 
ZDC  55%,  127-196.5  km;  peak  at  213  km 

RAYMODE  X 
Incoherent 

100 

157.5 

Bearing  Stake 

105 

253.5 

100%  coverage  (except  from  253.5  to  256  km)  to  286  km 

RAYMODE  X 
Coherent 

105 

140.0 

ZDC  65%  142.5-244  km 

RAYMODE  X 
Incoherent 

105 

202.5 

1.  Smoothed  by  running  average  with  2 kilometer  window. 


2.  Rc  = Range  to  which  detection  coverage  is  continuous. 

3.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  indicated  range  interval  over  which  detection 
can  be  made. 
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(C)  Table  IUD- 12.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit  (FOM) 
in  dB  for  Bearing  Stake  Data*-  and  RAYMODE  X Model  Results. 

Case  VIII:  (Station  IB  Run  PI,  Source  Depth  = 18  m.  Receiver  Depth  = 3350  m, 

Frequency  = 140  Hz.) 


Data  Set 
Bearing  Stake 


RAYMODE  X 
Coherent 

RAYMODE  X 
Incoherent 


Burning  Stake 


RAYMODE  X 
Coherent 


RAYMODE  X 
Incoherent 


Bearing  Stake 


t AY MODE  X 
Coherent 


RAYMODE  X 
Incoherent 


Bearing  Stake 


RAYMODE  X 
Coherent 


RAYMODE  X 
Incoherent 


Bearing  Stake 


RAYMODE  X 
Coherent 


RAYMODE  X 
Incoherent 


Bearing  Stake 


RAYMODE  X 
Coherent 


RAYMODE  X 
Incoherent 


Bearing  Stake 


RAYMODE  X 
Coherent 

RAYMODE  X 
Incoherent 


Range  > Rc 
ZDC3  50%,  4-18  km 


100%  coverage  1.5-3. 5 km,  4. 5-7. 5 km,  10-18  km 


100%  coverage  1.5-16.5 


100%  coverage  12.5-20  km,  46-50  km 


100%  coverage  1.5-8  km,  9-19  km;  peak  at  40.5  km 


100%  coverage  1.5-18.0  km 


ZDC  50%,  30.5-57  km.  ZDC  5%,  57-131.5  km 


100%  coverage  1.5-22.5  km,  31-51  km 


ZDC  75%,  32-100  km;  ZDC  50%,  100-148  km 


100%  coverage  1.5-24  km,  28.5-53  km,  55-59  km,  60-76.5  km, 
ZDC  45%,  79-88.5;  peaks  at  97.5  km.  114.5  km,  117  km 


100%  coverage  (except  34-37  and  60-61  km)  to  167; 
ZDC  50%,  165-233  km;  ZDC  20%,  233-273  km 


100%  coverage  1.5-26  km,  28.5-54  km,  55.5-84  km;  ZDC  65%, 
85-123  km,  ZDC  25%,  134-166.5  km 


105 

255. 

105 

27. 

190%  coverage  27-147  km  (except  dropout  at  86  km) 
ZDC  70%,  148.5-232  km 


1.  Smoothed  by  running  average  with  2 kilometer  window. 

2.  Rc  = Range  to  which  detection  coverage  is  continuous. 

3.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  indicated  range  interval  over  which  detection 
can  be  made. 
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(C)  Table  HID  - 13 . Detection  Range  in  km  as  a Function  of  Figure  of  Merit  (FOM) 
in  dB  for  Bearing  Stake  Data1  and  RAYMODE  X Model  Results. 

Case  IX:  (Station  IB  Run  PI,  Source  Depth  = 18  m,  Receiver  Depth  = 496  m, 

Frequency  = 290  Hz.) 


Data  Set 

FOM 

Range  > Rc 

Bearing  Stake 

75 

4.5 

RAYMODE  X 
Coherent 

75 

■n 

RAYMODE  X 
Incoherent 

75 

■B 

Bearing  Stake 

eo 

5. 5 

RAYMODE  X 
Coherent 

80 

5.0 

Peak  at  15  km 

RAYMODE  X 
Incoherent 

00 

o 

6,0 

Bearing  Stake 

85 

8.0 

ZDC*  25%.  8-37  km 

RAYMODE  X 
Coherent 

85 

10.0 

ZDC  45%,  13-38  km 

RAYMODE  X 
Incoherent 

85 

33.0 

Bearing  Stake 

90 

23.0 

ZDC  90%.  23-44  km;  ZDC  25%,  44-84  km;  ZDC  5%,  84-183  km 

RAYMODE  X 
Coherent 

90 

11.0 

100%  coverage,  12-16  km,  16-17  km,  18-31.5  km;  ZDC  80%,  33-46  knr. 
ZDC  40%,  61.5-70.5  km 

RAYMODE  X 
Incoherent 

90 

41.0 

Bearing  Stake 

95 

50.5 

ZDC  70%,  50.5-80  km;  ZDC  15%,  90-183  km 

RAYMODE  X 
Coherent 

95 

17.5 

100%  coverage  (except  dropouts  at  17.5,  39  km)  to  46  km;  ZDC  50%, 
48-78  km;  peaks  at  94.5  and  97  km 

RAYMODE  X 
Incoherent 

95 

73.5 

Bearing  Stake 

too 

60.5 

ZDC  95%,  60.5-89.5  km;  ZDC  60%,  89.5-208  km 

RAYMODE  X 
Coherent 

100 

31.5 

ZDC  60%,  48-106.5  km;  peaks  at  111  km,  118  km,  and  130.5  km 

RAYMODE  X 
Incoherent 

100 

108.0 

Bearing  Stake 

105 

93.0 

ZDC  90%,  93-163  km;  ZDC  75%,  163-237.5  km 

RAYMODE  X 
Coherent 

105 

46.5 

100%  coverage,  47-82  km  (except  dropouts  at  52.5,  64  km) 
ZDC  50%,  83-165  km 

RAYMODE  X 
Incoherent 

105 

144.0 

Bearing  Stake 

110 

173.0 

ZDC  95%,  173-258  km;  ZDC  35%,  258-286  km 

RAYMODE  X 
Coherent 

no 

46.5 

100%  coverage,  47-111  km  (except  dropout  at  82.5  km); 
ZDC  60%,  119-222  km 

RAYMODE  X 
Incoherent 

110 

m 

1.  Smoothed  by  running  average  with  2 kilometer  window. 

2.  Rc  = range  to  which  detection  coverage  ia  continuous. 

3.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  indicated  range  interval  over  which  detection 
can  be  made. 
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(C)  Table  IUD- 14.  Detection  Range  in  kin  as  a Function  of  Figure  of  Merit  (FOM) 
in  dB  for  Bearing  Stake  Data*  and  RAYMODE  X Model  Results. 

Case  X:  (Station  IB  Run  PI,  Source  Depth  = 18  m,  Receiver  Depth  = 1685  m, 

Frequency  = 290  Hz.) 


id 


3 


E 


M 


Data  Sat  FOM 

Bearing  Stake  75 

RAYMODB  X 
Coherent  75 

RAYMODE  X j" 
Incoherent  75 

Bearing  Stake  80 

RAYMODB  X 
Coherent  80 

RAYMODB  X 
Incoherent  80 

Bearing  Stake  85 

RAYMODB  X 
Coherent  85 

KAYMODE  X 
Incoherent  85 

Bearing  Stake  90 

RAYMODB  X 
Coherent 90 

RAYMODB  X 
Incoherent  90 

Bearing  Stake  95 

RAYMODB  X 
Coherent  95 

RAYMODB  X 
Incoherent 95 

Bearing  Stake  100 

RAYMODB  X 
Coherent  100 

RAYMODE  X 
Incoherent  100 

Bearing  Stake  105 

RAYMODB  X 
Coherent 105 

RAYMODE  X 
Incoherent  105 

Bearing  Stake  110 

RAYMODE  X 
Coherent  110 

RAYMODE  X 
Incoherent 110 

Bearing  Stake  115 

RAYMODE  X 
Coherent  115 

RAYMODE  X 
Incoherent  115 


Range  > R, 


6.0  | 100%  coverage  7.5-9  km 


8.0  100%  coverage  9-10.5  km 

8.0  100%  ooverage  7.5-10.5  km,  peak  at  18  km 


12.0  ZDC“  70%,  12-31  km 


12.0  j 100%  coverage  13.5-18  km,  21-28  km;  peak  at  39  km 


24.5  ZDC  35%,  29.5-63  km 

12.0  ZDC  30%,  36-59  km;  100%  coverage  13.5-18  km,  19.5-20  km,  21-31.5  km 


36.0  ZDC  80%,  38-69  km;  ZDC  40%  60-108  km 

100%  coverage  (except  dropouts  at  19  and  33  km)  to  48  km 

19.0  ZDC  35%,  50-99  km 


09.5  ZDC  90%,  69.5-100  km;  ZDC  35%,  100-127.5  km;  100%  coverage 
182-186  km 

100%  coverage  50-52.5  km,  54-56  km,  57-81  kni 
48.0  ZDC  40%,  80-108  km  _____ 


101.0  ZDC  65%,  101-286  km 

100%  coverage  49.5-81  km  (except  dropouts  at  52.5,  55.5  km) 
48.0  ZDC  45%,  84-151  km 


204.5  ZDC  90%,  204.5-286  km.  

100%  coverage  82,5-116  km  (except  dropouts  at  94.5,  108  km) 
81.0  ZDC  40%  117-193.5  km 


100%  coverage  (except  dropouts  at  94.5,  117,  135  km)  to  148.5  km 
94.5  ZDC  55%,  150-242  km 


1.  Smoothed  by  running  average  with  2 kilometer  window. 

2.  Rc  = Range  to  which  detection  coverage  is  continuous. 

3.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  indicated  range  interval  over  which  detection 
can  be  made. 
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(£]  (C)  Table  HID- 15 . Detection  Range  in  km  as  a Function  of  Figure  of  Merit  (FOM) 

*'  in  dB  for  Bearing  Stake  Data1 2 3  and  RAYMODE  X Model  Results. 


R 

Case  XI 

: (Station  IB 

Run  PI,  Source  Depth  = 18  m,  Receiver  Depth  = 3320  m,  C 

Frequency  = 290  Hz.)  j 

& 

s 

I 

FOM 

m 

Range  > Re 

Bearing  Stake 

75 

8.0 

w 

md 

■ 

| 

RAYMODE  X 
Coherent 

75 

3 " 

ZDC  60%,  1.5-18  km  Cj 

75 

100%  coverage  1.5-10*5  km  £ 

Bearing  Stake 

80 

11.0 

100%  coverage  12-14  km  £ 

I 

RAYMODE  X 
Coherent 

80 

h 

ZDC  75%,  1.5-19  km  | 

| 

RAYMODE  X 
Incoherent 

80 

kl 

100%  coverage  1.5-18  km  Hj 

Bearing  Stake 

85 

18.5 

100%  coverage  27-31.5  km  ft 

F 

RAYMODE  X 
Coherent 

85 

ZDC  80%,  1.5-19.5  km;  100%  coverage  31.5-34.5  km  and  jN 

46.5-52  km  jj 

85 

| 

100%  coverage  1.5-20  km 

:4 

Bearing  Stake 

90 

18.5 

ZDC  45%,  18.5-56  km  /] 

HAYMODE  X 
< ohorent 

90 

100%  coverage  (except  dropouts  at  9 km,  13.5  km,  21  km)  1.5-25.5  km  v 

and  30-37.5  km,  43.5-52.5  km;  ZDC  60%  78-87  km;  peak  at  55.5  km  ^ 

RAYMODE  X 
Incoherent 

90 

100%  coverage  1.5-54  km  ■ 

Bearing  Stake 

95 

22.0 

ZDC  75%.  22-75;  ZDC  20%,  75-133  km  " 

g 

95 

100%  coverage  1.5-26.5  km,  29-37.5  km,  43-52.5  km,  55-56  km,  and  > 

77-88.5  km;  peaks  at  42  km,  60  km,  and  61.5  km 

tv* 

RAYMODE  X 
Incoherent 

95 



100%  coverage  1.5-61.5  km  and  81-87  km  ^ 

Bearing  Stake 

100 

25.0 

ZDC  70%  25-163  km;  ZDC  25%  163-238  km  £ 

u 

RAYMODE  X 
Coherent 

100 

mm 

100%  coverage  29-38  km,  41-57  km,  58-64.5  km,  72-73.5  km;  75-93  km,  '< 

105-106.5  km,  108-123  km;  peaks  at  126  km,  140  km  * 

RAYMODE  X 
Incoherent 

100 

97.0 

J 

i 

t1 

Bearing  Stake 

105 

79.0 

100%  coverage  (with  exception  of  79-81  km  and  134-135  km)  to  141  km; 

ZDC  35%,  149-252  km  4 

RAYMODE  X 
Coherent 

105 

64.5 

Peak  at  69  km,  100%  coverage  70.5-73.5  km,  74-96  km,  103.5-130  km;  M 

ZDC  75%,  133-158  km,  100%  coverage  174-175.5  km  ^ 

RAYMODE  X 
Incoherent 

105 

136.5 

‘J 

Jg 

Bearing  Stake 

110 

141.5 

100%  coverage  (except  for  5 dropouts)  to  >286  km 

■ 

RAYMODE  X 
Coherent 

110 

100%  coverage  (except  dropouts  at  68,  70.5,  96,  132  km)  to  158  km  d 

ZDC  65%,  160-226.5  km  H 

F-S 

& 

RAYMODE  X 
Incoherent 

110 

178.5 

P 

, % 

E 


1.  Smoothed  by  running  average  with  2 kilometer  window. 

2.  Rc  = Range  to  which  detection  coverage  is  continuous. 

3.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  indicated  range  interval  over  which  detection 
can  be  made. 
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(C)  Table  HID -16.  Detection  Range  in  km  as  a Function  of  Figure  of  Merit  (FOM) 
in  dB  for  Bearing  Stake  Data*  and  RAYMODE  X Model  Results. 

Case  XII:  (Station  IB  Run  PI,  Source  Depth  = 18  in,  Receiver  Depth  = 3350  m, 

Frequency  = 290  Hz.) 


Data  Set 

FOM 

Rc2 

Range  > Rc 

Bearing  Stake 

75 

5.5 

RAYMODE  X 
Coherent 

75 

ZDC3  60%,  1.5-18  km 

RAYMODE  X 
Incoherent 

75 

--  — 

100%  coverage  1.5-10.5  km 

Bearing  Stake 

80 

8.0 

ZDC  80%,  8-19  km 

RAYMODE  X 
Coherent 

■9 

ZDC  70%,  1.5-19  km 

RAYMODE  X 
Incoherent 

80 

100%  coverage  1.5-18  km 

Bearing  Stake 

85 

13.5 

100%  coverage  18-19  km 

RAYMODE  X 
Coherent 

■9 

100%  coverage,  1.5-8  km,  6-24  km,  30-34.5  km,  36-37.5  km,  and 
45-52  krr  , 52.5-55  km 

RAYMODE  X 
Incoherent 

85 

100%  coverage  1.5-20  km 

Bearing  Stake 

90 

14.0 

ZDC  45%,  14-58  km 

RAYMODE  X 
Coherent 

90 

100%  coverage  1.5-25.5  km  (except  dropout  at  9 km),  28.5-39  km, 
43.5-55.5  km,  57-59  km;  ZDC  55%,  76-82.5 

RAYMODE  X 
Incoherent 

90 

100%  coverage  1.5-55  km 

Bearing  Stake 

95 

24.0 

ZDC  75%,  24-63  km;  ZDC  40%,  63-112  km 

RAYMODE  X 
Coherent 

95 

100%  coverage  1.5-26  km,  28.5-63  km  (except  dropout  at  40.5  km) 
and  73.5-91.5  km,  116-118.5  km 

RAYMODE  X 
Incoherent 

95 

100%  coverage  1.0-63  km,  79.5-88  km 

Bearing  State 

100 

38.5 

ZDC  85%,  36.5-134  km;  ZDC  15%,  134-222  km 

RAY MODE  X 
Coherent 

100 

100%  coverage  1.5-26  km,  28-66  km,  73-94  km,  101-105  km, 
10C. 5-124. 5 km,  with  peak  at  70.5  km 

RAYMODE  X 
Incoherent 

100 

97.5 

Bearing  Stake 

105 

134.0 

ZDC  70%,  134-286  km 

RAYMODE  X 
Coherent 

105 

100%  coverage  1.0-67.5  km,  70-71.5  km,  72-95  km,  and  97-129  km; 
ZDC  65%,  130.5-167  km;  ZDC  5%,  170-192  km 

105 

136.5 

Bearing  Stake 

110 

257.0 

ZDC  85%,  257-286  km 

RAYMODE  X 
Coherent 

110 

98.0 

100%  coverage  67-132  km,  133.5-195  km;  ZDC  55%,  196.5-228  km 

RAYMODE  X 
Incoherent 

110 

177.0 

sQ 


•3 


£j 


"•  \ 


I { 


1.  Smoothed  by  running  average  with  2 kilometer  window. 

2.  R = Range  to  which  detection  coverage  la  continuous. 


3.  ZDC  = Zonal  Detection  Coverage  in  percentage  of  indicated  range  interval  over  which  detection 
can  be  made. 
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(C)  Figure  IIID- 2.  Bottom  Loss  Versus  Grazing  Angle.  Frequency 

25  Hertz 
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(C)  Figure  HID- 3.  Bottom  Loss  Versus  Grazing  Angle.  Frequency  = 

140  Hertz 
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(C)  Figure  HID -4.  Bottom  Loss  Versus  Grazing  Angle.  Frequency  = 

290  Hertz 
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(C)  Figure  IIID-11.  Bearing  Stake  Station  IB,  Run  PI,  Source  Depth  = 18 

Meters,  Receiver  Depth  = 3320  Meters,  Frequency  = 
140  Hertz 
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(C)  Figure  HID  21.  Smoothed  Hearing  Stake  Station  IH,  Hun  PI.  Source 

Depth  18  Motors,  ltooeiver  Depth  - 49fi  Meters, 
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(C)  Figure  HID -47.  RAYMODE  Incoherent  Station  IB,  Run  PI,  Source  Depth 

= 18  Meters,  Receiver  Depth  = 496  Meters,  Frequency  = 
140  Hertz 
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(C)  Figure  IIID-75.  RAYMODE  Incoherent  Station  IB,  Run  PI,  Source  Depth 

= 18  Meters , Receiver  Depth  = 3350  Meters , Frequency  = 
290  Hertz 
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Ser  93/160 
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From:  Chief  of  Naval  Research 

To:  Commander,  Naval  Meteorology  and  Oceanography  Command 

1020  Balch  Boulevard 
Stennis  Space  Center  MS  39529-5005 

Subj : DECLASSIFICATION  OF  PARKA  I AND  PARKA  II  REPORTS 

Ref:  (a)  CNMOC  ltr  3 140  Ser  5/1 1 0 of  1 2 Aug  97 

Enel : ( 1 ) Listing  of  Known  Classified  PARKA  Reports 

1 . In  response  to  reference  (a),  the  Chief  of  Naval  Operations  (N874)  has  reviewed  a number  of 
Pacific  Acoustic  Research  Kaneohe- Alaska  (PARKA)  Experiment  documents  and  has 
determined  that  all  PARKA  I and  PARKA  II  reports  may  be  declassified  and  marked  as 
follows: 

Classification  changed  to  UNCLASSIFIED  by  authority  of  Chief  of  Naval  Research 
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DISTRIBUTION  STATEMENT  A:  Approved  for  public  release.  Distribution  is 
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2.  Enclosure  (1)  is  a listing  of  known  classified  PARKA  reports.  The  marking  on  those 
documents  should  be  changed  as  noted  in  paragraph  1 above.  When  other  PARKA  I and 
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of  Naval  Research  (ONR  93),  800  N.  Quincy  Street,  Arlington,  VA  22217-5660.  This  will 
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3.  Questions  may  be  directed  to  the  undersigned  on  (703)  696-4619,  DSN  426-4619. 
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DISTRIBUTION  STATEMENT  A:  Approved  for  Public  Release;  Distribution  is 
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